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FOREWORD 


This report represents the results of the first 
official Energy Survey of India. It has been apparent 
for some time that an adequate supply of energy would 
be a kev factor and play an important role in the 
national development of the country. Any shortage of 
energy will hold up the national planned economic 
growth. During the year 1962 and later, the matter 
became one of increasing concern to the Government 
of India. At the same time, the requirements of the 
development of national power resources had come to 
form an increasingly large part of India’s requests for 
foreign aid. In consultation with Mr. Tyler Wood of 
the United Stales AID Mission, Mr. C.S. Krishnamurthy, 
then of the Indian Embassy in Washington, and on the 
advice of Mr. Walker Cisler of the Detroit Edison 
Company, Detroit, U.S.A., whose interest in these 
problems is well-known, it was agreed that a survey 
of the energy resources of India and her prospective 
needs would be of great advantage. It was considered 
that the purpose of the survey would be to take a long 
term view of the probable demands and to suggest 
how best the resources could be developed sufficient¬ 
ly in advance so as to eliminate any shortfalls and to 
help planned development. 

2. Accordingly, the Government of India appointed 
a Committee to undertake the Energy Survey of India. 
With the help of Mr. Tyler Wood and Mr. Walker Cisler, 
the assistance of a group of foreign experts was 
secured, who like Mr. Cisler himself had been con¬ 
cerned in making a similar study for the Organisation 
for Economic Cooperation and Development of the 
energy problems of Europe under the Chairmanship of 
Professor Austin Robinson of the University of 
Cambridge, England. Mr. Cisler and Mr. Desrousseaux, 
who had been members of the (European) Energy 
Advisory Commission, and Mr. Landing, who has been 
Secretary of the (European) Energy Advisory Com¬ 
mission, were also associated with the Study, besides 
Mr. L. de Heem of Belgium, who has had vast experi¬ 
ence of similar work in the field of electricity. 
Professor Austin Robinson has had to pay repeated 
visits to India and organise studies and discussions 
and on him has fallen the main burden of writing the 
report. To these foreign experts, we are deeply in¬ 
debted for the time and trouble that they have devoted 
to the questions connected with India’s energy stud¬ 
ies, and the wide experience that they have brought 
to bear on the problems involved. We are grateful to 
the United States Agency for International Develop¬ 
ment and the United Kingdom Colombo Plan, which 
helped in making available their services as well as 
for rendering all possible assistance and help during 
various stages of the study. 

Associated with the foreign experts have been a 
group of Indian specialists covering all aspects both 


of the problems of Indian development and of energy 
supplies and collectively equipped to take a wide and 
an authoritative view of the energy problems of India, 
both in the public and the private sectors. To them 
equally our thanks are due for the time and trouble 
that they have devoted to the study of these important 
and difficult problems. 

3. The work of the Energy Survey Committee 
inevitably involved a vast amount of technical and 
statistical preparation. Fortunately, for this, we were 
able to rely on a team of enthusiastic and devoted 
workers under the leadership of Mr. Bush and Mr. 
Tauber of The Detroit Edison Company, whose ser¬ 
vices Mr. Walker Cisler and the United States Agency 
for International Development had very kindly made 
available to us. They devoted more than a year of 
continuous work to the preparatory studies, which 
underlie the report and without their help throughout, 
the report could not possibly have been completed. 
They were assisted by a staff of Indian specialists, 
who have done an admirable job of work in setting in 
order the statistics of energy production and consump¬ 
tion in India. 

4. This being the first study of its kind under¬ 
taken in India, and in the absence of further studies 
and researches, which would have entailed much 
more time than was available to us and as such not 
practicable, some assumptions have had to be made 
in some cases. Such assumptions have, however, 
been reasonable in the circumstances and have, in 
the absence of detailed statistics, helped to establish 
orders of magnitude. We trust that such studies and 
researches will be taken up and the available statis¬ 
tics improved upon and brought up to dote in the years 
to come. I am happy to note that the Planning Com¬ 
mission have accepted the responsibility for ensuring 
that such researches and studies are carried out. Prof. 
M. S. Thacker, Member, Planning Commission, who 
has already been associated with these studies and 
the preparation of this report, has kindly agreed to 
supervise this work in the Planning Commission. 

5. The Committee has received very valuable 
cooperation in the collection of data and statistics 
from various agencies and is grateful for such assist¬ 
ance to the Planning Commission, the Central Statis¬ 
tical Office, various Ministries of the Govt, of India 
and their attached offices dealing with the different 
energy resources: in particular the Central Water and 
Power Commission; the Coal Board; the Coal Com¬ 
missioner’s office; the Central Fuel Research Insti¬ 
tute; the Atomic Energy Commission;the Steel Plants; 
the Oil and Natural Gas Commission; the Oil Compan¬ 
ies; the Indian Institute of Petroleum; the Railway 
Board; the National Minerals Development Corpora¬ 
tion; the National Council of Applied Economic 



Research; the State Governments and Electricity 
Boards; Corporate Institutions and other industrial 
establishments. We are also grateful to the World 
Bank Mission for all their help. 

6. I am of the view that this study has made a 
very valuable contribution to the planning of energy 
development in India. For the first time we have been 
enabled to see the problems of energy as a whole and 
the full implications - to take only two of the develop¬ 
ment examples - of steel, with the consequential 
growth of surplus by-product coals for the most eco¬ 
nomical generation of electricity, or those of the 


probably impending shortages of firewood on the pro¬ 
vision of new forms of domestic energy. I trust that 
the report will not only be useful to the Government 
of India, but also to all those concerned with the 
problems of speeding up India’s economic development. 


M. R. Sachdev 

Ponjim, Goo CHAIRMAN 

Doted: 30th June 1964 ENERGY SURVEY COMMITTEE 



PREFACE 


This report had been completed in draft before the 
sad death of Shri M.R. Sachdev. The foreword had 
been written by him in his own words and admirably 
states the problems that the Energy Survey of India 
Committee was appointed to examine and solve. Though 
he did not live to see the final completion of the report 
and its signature, we think that his foreword should 

.mu » 

remain as he wrote it. To the work of this Committee 
he devoted much time, energy and patience. We hope 
that the report may in some respects represent a 
memorial to his devotion to these among many aspects 
of the problems of Indian development, and to his 
wisdom and far-sightedness in solving them. 


M. S. Thacker 
Chairman 

Walker Cisler 

Joint Chairman 

Austin Robinson 
Joint Chairman 
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ABBREVIATIONS AND EQUIVALENTS 


ABBREVIATIONS 

AID — Agency for International Development (USA) 

BFG — Blast Furnace gas 

CFRI — Central Fuel Research Institute (India) 

CWPC — Central Water & Power Commission (India) 

DVC — Damodar Valley Corporation (India) 

EHV — Extra high voltage (above 220,000 volts) 

HSDO — High speed diesel oil 

hydel — Hydro-electric 

IIP — Indian Institute of Petroleum (India) 

1ISCO — Indian Iron & Steel Co. (India) 

LDO — Light diesel oil 

LPG — Liquid petroleum gas 

mtCR — Million tonnes of coal replacement 

N — Nitrogen 

NCAER— National Council of Applied Economic Research (India) 

NH 3 — Ammonia 

NMDC — National Minerals Development Corporation (India) 

OECD — Organisation for Economic Cooperation & Development (W. Europe) 

OEEC — Organisation for European Economic Cooperation (W. Europe) 

ONGC — Oil & Natural Gas Commission (India) 

para — Paragraph 

P 2 O 5 — Phosphorous pentoxide 

TISCO - Tata Iron & Steel Company (India) 

UCPTE— Union pour la coordination de la production et du 
Transport de l’Electricite (W. Europe) 


EQUIVALENTS 

1 lakh = 10 5 
1 crore = 10 7 
M or m = million . 10 6 
b = billion = 10 9 

t — tonne (metric) = 1000 kg = 0.984 long tonne =2205 pounds 

mt = million tonnes 

kg = kilogram = 2.205 pounds 

km = kilometre = 1000 metres = 0.621 mile 

km 2 = square kilometre = 100 hectares =0.386 square mile 

hectare = 0.01 km 2 = 2.471 acres 

nr = cubic metre = 35.31 cubic feet 

MW = megawatt = 1000 kW (kilowatts) 

GW = gigawatt = 10 6 kW 

kWh = kilowatthour = 860 kcals = 0,746 Horse Power Hour 
GWh = gigawatthour = 10 4 kWh 
TWh = terawatthour = 10 9 kWh 

kcal = kilocalorie = 3.968 British Thermal Units (Btu) 

1 kcal/kg = 1.8 Btu/lb. 

Rs = rupees = $0.21 US (approximately) 

np = naya paisa = 0.01 Rupee =2.1 mills US (approximately) 




CHAPTER 1 
Terms of Reference 


Tlic Energy Survey of India Committee was 
appointed by the Government of India by Memorandum 
of January 3, 1963 of the Ministry of Irrigation and 
Power with Terms of Reference, which, with subse¬ 
quent amendments, are as follows: 

“The Energy Study would cover present and prospec¬ 
tive demands and supplies of energy, both total and 
in respect of all constituents of energy on a national, 
regional and sectoral basis. It would be expected to 
provide the Government of India basic material for 
development planning in the field of energy up to 1991. 
In making this study, the Committee will give con¬ 
sideration, among other things, to use of energy in 
rural areas.*’ 

“The Committee will also study development of 
power resources - hydro-electric, thermal (including 
coal, lignite, oil and gas) and atomic, energy, and 
make recommendations as to phasing in which these 
should be brought into use progressively. The Com¬ 
mittee will also study the question of fuel for thermal 
power stations, availability of fuel, best location and 
sizes of plants. The fuels to be considered would be 
coal, oil, gas and atomic: energy.’’ 

The following were appointed to be Members of 
the Ci mimittee: 

Shri M. R. Sachdev (then Secretary, Ministry of Irriga¬ 
tion and Power, subsequently Lt.-Governor of Goa). 
(Chairman) 


Shri P. R. Nayak (then Managing Director, Indian 
Refineries Ltd., subsequently Chairman, Oil and 
Natural Gas Commission). 

Shri A. B. Guha (Coal Mining Adviser to Ministry of 
Mines and Fuels). 

Shri S. S. Kumar (Director General, Directorate of 
Technical Development). 

Shri S. Bose (Chief Engineer, Damodar Valley Cor¬ 
poration). 

Shri M. N. Chukravarti (Project Administrator, 
Tarapur Atomic Power Plant, Department of Atomic- 
Energy). 

Shri B. S. Nag (Adviser to Planning Commission on 
Irrigation and Power). 

Shri P. S. Lokanathan (Director-General, National 
Council of Applied Economic Research). 

Dr. V. K. R. V. Rao (then Director, Institute of Eco¬ 
nomic Growth, subsequently Member of the Planning 
Commission). 

Dr. M. S. Randhawa (Adviser on Resources and 


Scientific Research to the Planning Commission). 

Shri Pitambar Pant (Chief of the Perspective Planning 
Division of the Planning Commission). 


Mr. Walker Cisler (President, Detroit Edison Company, 
U.S.A.) (Joint Chairman) 

Professor Austin Robinson (Professor of Economics. 
Cambridge University, U.K.) (Joint Chairman) 

Mr. Louis de lleem (Directeur General du Centre 
d’Etude de l’Energie Nucleaire, Brussels, Belgium). 

Mr. Jacques Desrousseaux (Directeur General des 
Etudes Economiques aux Charbonnages de France, 
Paris, b ranee). 

Shri K. R. Damle (Secretary, Ministry of Mines & 
Fuel). 


Shri V. Nanjappa was subsequently appointed to the 
Committee when he succeeded Shri M. R. Sachdev as 
Secretary of the Ministry of Irrigation and Power. 

Shri C. S. Krishnamoorthi (Joint Secretary, Department 
of Economic Affairs, Ministry of I' inancc) was also 
appointed atalate stage in the work of the Committee. 

The following were appointed to advise the 
Committee: 

Professor M. S. Thacker (Member of the Planning 
Commission). 

Shri C. M. Trivedi (then Member of the Planning 
Commission). 


Shri K. P. S. Nair (Member, Central Water and Power 
Commission, Power Wing). 


I)r. H. J. Bhabha (Secretary and Chairman, Atomic- 
Energy Commission). 
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A Working Group was appointed to conduct on 
behalf of the Committee a study of the energy re¬ 
sources of India and of the prospective demands for 
energy under the general direction of Mr. A. E. Hush 
and Mr. II. Tauber, Consultants to United States Agency 
for International nevclopment. 

Professor Austin Robinson, Joint Chairman and 
Member of the Energy Survey Committee, worked for 
considerable periods as a member of the Working 
Group and was principally resoonsible for drafting 
the report. 

The following staff was responsible for the sta¬ 
tistical and technical studies embodied in this report: 

Full Time on Staff of Energy Survey 
Shri A.R.N. Rao - Central Water & Power Commission 
Shri S.D. Kushare - Central Water & Power Commission 
Shri M.K. Sambamurthy - Central Water & Power Com¬ 
mission. 

Shri J.S. Advani - Central Water & Power Commission 
Shri I.H. Khan * Central Water & Power Commission 
Shri T. Ramaehandran - Planning Commission 
Or. K.P. Bhatnagar - Oil & Natural Gas Comm ission. 

Part Time on Staff of Energy Survey 
Shri J. Padmanabha Iver -National Minerals Develop¬ 
ment Corporation 


Shri M. Kurien - Indian Institute of Petroleum 
Shri S. Majumdar - Central Fuel Research Institute 
Dr. J. S. Ahluwalia-lndian Institute of Petroleum 

Others h&ve assisted the Working Group as con¬ 
sultants for shorter periods: Mr. K. F. Laading of the 
Organisation for Economic Co-operation and Develop¬ 
ment in Paris; Mr. P. Chantler of the United Kingdom 
Ministry of Power; Mr. J. W. Rushing, El ectricity 
Consultant, Lansing, Michigan, U.S.A.; Mr. J. H. 
McCarthy, Electricity Consultant, Detroit, Michigan, 
U.S.A.; Professor L. Chawner of the University of 
Washington, Seattle. U.S.A. 

The ( -ommittee has held three groups of meetings: 
the first during January 1963; the second during July 
1963; the third during December 1963. It entrusted to 
the Working Group the task of preparing a draft report 
which formed the basis of the final report now pre¬ 
sented. 

At its meetings in December 1963, the Committee 
authorised the submission of the present report, as 
amended under the supervision of Shri Sachdev, Pro¬ 
fessor Thacker, Shri Trivedi and Professor Robinson, 
to the Government of India. The amended report was 
further considered at meetings held in June and 
December 1964 and has been further amended in 
the light of them. The final report was discussed, 
approved and signed by the members July 26-27,1965. 
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CHAPTER 2 

The Energy Problems 
of India 


1. The appointment of the Energy Survey Com¬ 
mittee reflects the need for more thorough and more 
searching examination of some of the problems that 
have arisen during the past few years in the field of 
energy and the need to remove, if possible, some of 
the obstacles to development that have arisen from 
shortages of energy. Any survey must begin, there¬ 
fore, by emphasizing the nature of some of these 
problems. 

2. The sub-continent in which the peoples of 
India are seeking to build a modern economy is, by the 
standards of Europe or North America, not exception¬ 
ally rich in natural sources of energy. In the past, 
India has depended principally on the traditional non¬ 
commercial fuels - firewood and cow-dung in partic¬ 
ular. In the last half century the commercial fuels - 
coal, lignite, oil and hydro-electricity have all been 
developed. Currently the first steps are being taken 
in proving and developing nuclear fuels and introduc¬ 
ing nuclear energy. 

3. The first coal resources to be exploited were 
the mines of Bihar and West Bengal, which in the. 
past have provided four-fifths of the nation’s coal 
'production and the whole of the coking coal. These 
mines, though close to the new industries that have 
been rapidly growing up in the neighbourhood of 
Calcutta, are some 1450 kilometres from Bombay, over 
1500 kilometres from Madras and nearly 1000 kilo¬ 
metres from Delhi. New coal resources nearer to some 
of these areas of consumption have been discovered, 
and are in several cases now in process of develop¬ 
ment in Central India and Andhra Pradesh. But even 
these are by European standards at considerable 
distances from the more remote industrial areas. The 
supplies of non-coking coal are fully adequate to 
India’s potential needs for many years ahead. More 
serious problems are presented by the limited re¬ 
sources of the coking coals and their concentration in 
Bihar and West Bengal. While there is a clear need to 
conserve coking coals, the supply is iikely to be 
adequate for a generation ahead. These questions are 
considered in more detail in Chapter 11. 

4. Indian coal resources are, however, deficient 
in quality. The coals, and particularly the coking 
coals, have a very high ash content and the ash is so 
intimately interspersed into the coal that even by 
washing the ash content cannot be reduced to the 
levels customary in Europe or North America. Thus, 
added to the costs and difficulties created by dis¬ 
tance itself are further costs and difficulties imposed 


by the necessity to carry and dispose of large vol¬ 
umes of waste material inseparable from the coal. 
These matters of low grade coal and washery by¬ 
products present very special problems and will be 
examined in detail at a later stage in this report. 

5. At present the output and consumption of coal 
in India as a whole is equivalent to about 0.13 tonnes 
per head per year. This may be contrasted with coal 
production per head of about 2.1 tonnes in the United 
States (where oil is the principal fuel), 3.7 tonnes 
in the United Kingdom, 1.1 tonnes in West Germany 
and 1.1 tonnes in France. More nearly comparable 
countries include Japan (0.6 tonnes per head) and 
Spain (0.5 tonnes per head). In part the low output 
of coal per head in India has reflected the low degree 
of industrialisation of the economy rather than lack of 
resources. 

6. The limits of India’s oil resources are not yet 
fully known. The existing indigenous supplies come 
almost wholly from Assam. The reserves of the parts 
of that field that were first exploited are approaching 
exhaustion and new discoveries will be needed merely 
to maintain existing supplies. New discoveries in 
Gujarat and Rajasthan hold out hopes of supplies 
substantially nearer to the centres of consumption in 
Western India. The potential resources of oil are 
discussed in Chapter 12. While it is immensely to be 
hoped that new discoveries will be made as the result 
of the intensive search that is now proceeding, these 
will need to be on a scale wholly different from any 
that have been made hitherto if India is to be enabled 
to develop, without risk of interruption through bal¬ 
ance of payments difficulties, an oil-based technology 
such as is prevalent in most of the advanced coun¬ 
tries today. 

7. The difficulties of the concentration of coal 
and oil predominantly in the north-east are to a sig¬ 
nificant extent mitigated by the location of the nation’s 
hydel resources. The Southern, Western and Northern 
regions, which are remote from coal supplies, contain 
between them five-sixths of the nation’s present hydel 
production and a very large part of the longer-term 
hydel potential. This can do much to make a balanced 
development of the country more possible. It remains 
true, however, that there will be an economic advan¬ 
tage if energy-intensive industries can predominantly 
be located in the areas of coking-coal and other coal 
supplies in the north-east and if non-energy-intensive 
industries find their predominant location in the areas 
served by hydel. Hydel is being rapidly developed; 
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but the development needs massive construction and 
considerable volumes of capital. Thus, even with a 
maximum of effort, the contribution of hydro-electrieitv 
to the total energy needs of the country is not likely 
to represent more than about one-twentieth of the 
total energy supplies even by 1980']. The hvdel re¬ 
sources of India are discussed in Chapter 13. 

8. In the special circumstances of India, with 
great distances between centres of consumption and 
the coal fields, and thus high delivered costs of coal, 
there are more than normally favourable conditions 
for the competition of nuclear energv. These are. in 
some degree at least, offset bv the scarcity of capital 
in India and the need to economise scarce capital and 
foreign exchange resources. A close examination is 
made in Chapter 13 of the extent to which it mav be 


reasonable to hope that, in suitably chosen locations, 
nuclear energy will hr economically competitive in 
the present and within the next fifteen or twenty 
vears. If the construction and operating costs of nuclear 
energy can in practice be at the levels that 
we have set out in Chapter 13, nuclear energy is 
likely to have an increasingly important part to play. 
But while its contribution to the problems of the next 
century may be great, its contribution to the problems 
of the next twenty years however represents 
a small fraction of India’s total energy requirements. 

9. Table 1 shows the distribution in different 
parts of India and different states of the population, 
of industrial development, of commercial energy con¬ 
sumption and of commercial energv production. 


TABLE ! 


DISTRIBUTION 8Y STATES AND REGIONS OF POPULATION 
INDUSTRY, Ef€RGY CONSUMPTION AND PRODUCTION 



Popul¬ 

Factor ies 

Consumpt i on 1 960/1 

Pr oduc t i on T 960/1 

REGIONS 

ation 

1961 

covered by 
Survey of 
Industry I960 

Comme rcia 1 
Ener'Kt 

Electric 

ity 

Coa 1 

Hyde 1 

Oi 1 



Emp loy- 

Value 









men t 

Added 








t, 

<i 

X 

% 

% 


% 

5, 

X 

EASTERN 










Bihar 

10.6 

5.7 

7.1 

12.6 

10.6 


48.3 

1.8 

__ 

Orissa 

4.0 

0.9 

ifjjj 

2.6 

4. 4 


1 .8 

6.2 

— 

Most Bengal 

8.0 

22 9 

22.3 

16.8 

18.7 


30.5 

2. 1 

_ 

Tat a 1 

22.5 

29.5 

30.4 

32.0 

33.7 


80.4 

10. 1 

- 

NORTHERN 










Pun 1 at) 

4.6 

2.4 


Hra(*) 

6.8 

(a) 

- 

12.4 

— 

Ra j a s t h a n 

4.6 

1.5 

1.0 

2.6 

1 4 


0. 1 

- 

— 

De 1 h i 

0.6 

1 . 4 

1 . 6 

(8) 

(a) 


- 

- 

— 

Jammu S Kashmir 

0.8 

0.3 

0.1 

0.2 

0.3 


_ 

0.6 

__ 

Himachal Pradesh 

0.3 

0. 1 

0. 1 

(a) 

(a ) 


_ 



Total 

11.0 

5.6 

4.7 

9.2 

8.5 


0.1 

13. 0 

- 

CENTRAL 

Madhya Pradesh 

7.4 

3.0 

2.4 

6.7 

3.8 


12.1 

0. 3 


Uttar Pradesh 

16.8 

8.0 

6.4 

8.4 

6.7 


- 

5.7 

_ 

Total 

24.2 

11.0 

8.8 

15.2 

10.5 


12.1 

6.0 


WESTERN 










Maharasht ra 

9.0 

21 . 6 

27.7 

18.2 

17.1 


1.5- 

17.8 


Gui arat 

4.7 

9.7 

10.1 

6.8 

6.4 


— 


— 

To t a 1 

13.7 

31.3 

37.8 

23.0 

23.5 


1 .5 

17.6 


SOUTHERN 










Mad ras 

7.8 

7. 1 

7. 1 

6.6 

10.5 


_ 

23.0 

_ 

Ke r a 1 a 

3.8 

4.6 

2.4 

2.4 

2.9 


_ 

7.5 


Mysore 

5.5 

3. 8 

3.0 

,3.6 

5.9 


- 

12.9 

_ 

Andhra Pradesh 

8,2 

4.9 

2.7 

5.4 

4.3 


4.6 

9, 6 

_ 

Tot a 1 

25.3 

20.3 

15.2 

18.0 

23.6 


4.6 

53.0 

- 

ASSAM 

3.3 

2.4 

3.0 

2.5 

0.3 


1 .3 

0.3 

100 

TOTAL ALL INDIA 

100.0 

1 00. 0 

100.0 

1 00.0 

100.0 


100.0 

100.0 

100 



( a ) i nc Iuded in f 

igu r e s lor 

Punjab. 







10 This table shows clearly the extent to which 
Indian indigenous energy supplies have in the past 
been physically concentrated in the North East of 
India. But Bihar, Orissa, West Bengal and Assam 
contained in 1960 1 only 26% of the population of 
India and produced only 33% of the total output of the 
factories covered by the Survey of Industries (l).They 
took about 35% of the energy consumed in India and 
about 34% of the electricity. In the Southern and 
Western Regions, as we have here defined them, there 
live, however, 39% of the population of India, produc¬ 
ing 53% of the factory output, and absorbing in 1960/1 
about 41% of all energy and 47% of all electricity. It 
is the problem of creating a modern energy-based 
economy in these regions, at a considerable distance 
from indigenous supplies of coal and oil, though well 
endowed with hydel, that need careful consideration. 

11. Many of the most urgent problems of energy 
supply in India are presented by the needs to expand 
both generation and distribution of electricity to meet 
rapidly increasing demands. Some of the problems 
have arisen from the rapidity of growth and the diffi¬ 
culties of estimating and keeping up with demand. 
Some of the problems are concerned with the beat 
choice of generating plant as between thermal, hydro¬ 
electric, or nuclear. Some are concerned with the 
present inadequacy of facilities for transporting 
energy - in the form of coal by rail or electricity by 
transmission line. Some are concerned with the pres¬ 
ent inadequacy of local and inter-regional inter¬ 
connections. Some again are concerned with integrating 
regional electricity development into a general de¬ 
velopment of electricity supply throughout the coun¬ 
try and with securing optimum use of plant large 
enough in size to secure reasonable economy. Finally, 
a specially urgent problem arises from the need to 
integrate electricity development into a general energy 
policy and to use, for low-cost electricity generation, 
the low grade and by-product coals that are likely to 
be without sufficient alternative markets. All these 
problems will be analysed in Chapter 13. 

12- Even with rapid development of electricity, 
however, India will for some time ahead use more of 
her energy in the natural forms of coal and oil and 
much less after transformation into electricity or gas 
than is now normal in an advanced industrial country. 
In Europe about 40% of all energy is now transformed 
into electricity or gas before use. In India the pro¬ 
portion, even by 1975/6 is likely to be less than a 
quarter of commercial energy and only about 15% of 
all energy 

13. I.'ntil very recently India has depended almost 
wholly on traditional, non-commercial, sources for the 


1) The Survey of Industries covers fully all factories 
employ trig 50 or more workers with the aid of power, 
or 100 or more workers without power, It covers by 
sample all factories employing 10 or more workers 
with power, or 20 or more without power. 


major part of the energy consumed. Apart from large 
dependence on the bullock cart for much of the trans¬ 
port, on the plough-bullock in agriculture and often 
also on bullocks to work the wells, the population of 
India has used from time bevond memory firewood, 
waste products and cow-dung as the main sources of 
domestic fuel. Even today, over 60% of the total 
energy of the country, other than that provided by 
animals, is derived from these three traditional non¬ 
commercial sources. Firewood alone provides almost 
40 per cent of the energy used in the country. Rather 
more energy is consumed in the form of cow-dung than 
in that of electricity. 

14. These non-commercial forms of energy present 
a number of special problems of their own. T here has 
till lately been very insufficient evidence even about 
the orders of magnitude of the consumption of firewood 
and cow-dung. Both present serious problems. The 
cow-dung, though it provides a cost-free and thus 
attractive fuel, should be used as fertiliser rather than 
fuel. The 100 million tonnes of timber burnt as fire¬ 
wood may well exceed the total annual growth of suit¬ 
able timber and be made possible only by the pro¬ 
gressive denudation of Indian forests. 

15. These non-commercial fuels have, of course, 
been consumed not only for domestic purposes proper, 
but also by a great deal of small scale industry, in¬ 
cluding much brick-making, sugar manufacture, village 
and small-town processing industries and the like. 

16. One of the future trends most difficult to 
judge is that of the continued availability of these 
non-commercial fuels. If, as seems likely, there will 
need to be a large scale substitution of commercial 
forms of energy for these non-commercial forms 
during the next ten or twenty years, it is important 
that provision should begin to be made for it in the 
immediate future. 

17. The purpose of an Energy Survey is to fore¬ 
see, so far as is possible, the trends of future de¬ 
mand for energy in all its various forms; to estimate 
the possibly available supplies and the need to de¬ 
velop them to certain levels by certain dates; to 
bring to the surface and thus help to secure the re¬ 
moval of obstacles to development; to see the energy 
policies which can best contribute to securing ade¬ 
quate supplies of low-cost energy. While energy ob¬ 
tained at low cost can do much to improve the ef¬ 
ficiency of an economy, the cost of energy is a very 
small part of total costs outside of a few metallurgical 
and chemical energy-intensive industries. Adequacy 
of supplies is in most cases far more important than 
artificial cheapness of supplies. These problems of 
energy pricing will be considered fully in a later 
chapter. 

18. In order to see the scale on which energy 
supplies must be developed, this report will begin 
with a study of the trends of recent years and then 
proceed to estimates of future demands. Since, as 
has been stressed, the areas and the distances in- 
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volved are immense, an attempt will necessarily be 
made to see the probable energy demands in different 
parts of India. The report will then study the energy 
resources of India and the problems involved in 
achieving sufficient expansion to meet these de¬ 
mands. It will then attempt to see what should be the 
essentials of an energy policy for India. 

19. Already the energy supplies of India make 
heavy claims on the foreign exchange resources of 
India and on the available foreign aid, both for capital 
and current purposes. If the Indian economy is to be¬ 
come, as it must, increasingly dependent on growing 
horse-power per head in industry and agriculture, it 
is important to see the possible repercussions on the 
balance of payments, and the necessary implications 
of that, in turn, on the types of energy that India is 
likely to be in a position to purchase. 

20. The development of energy supplies also 
makes very heavy claims on the capital resources 
of a country. In the similar energy survey made in 
Europe, it was found that the capital developments 
of the energy sector absorbed about 12% of all the 
gross capital investment of the countries concerned. 
We have, therefore, to study the similar problems in 
the case of India. Our estimates are set out in 
Chapter 14. 

21. But an internally consistent energy policy 
needs to go far beyond a consideration of possible 
demands and supplies. It is important that the users 


of energy shall have the right incentives to demand 
those types of energy that the Indian economy can 
best provide and to restrain their demands for those 
types that are more costly to supply. It is important 
that users shall have incentives not to use energy 
wastefully; on the other hand it is equally important 
that there shall be incentives to use additional 
horse-power to increase productivity wherever it is 
economic to do so. Equally it is important that the 
energy supplying industries shall charge relative 
pri ces for different types of energy that will encour¬ 
age the fullest use of all types - the use of low' 
grade coals and washery by-products for example - 
so that each type of energy is fully used where its 
contribution to the economy can be greatest. A sat¬ 
isfactory and internally consistent energy policy 
requires a satisfactorily working system of relative 
prices for energy and a system of relative taxes 
which supports and does not frustrate the general 
energy policy. 

22. These are the big issues that we shall be 
discussing in this report. The need for it does not 
arise from any special defects of Indian policies; 
few countries, certainly none of the countries of 
Europe, can claim to be following wholly rational 
energy policies. But India, because of rapid growth, 
of rapid industrialisation and increase of horse¬ 
power per head, and of immense distances, has 
greater need than most to see that energy policies 
arc the most rational that run be found. 
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CHAPTER 3 

Recent Trends of Energy Consumption 


23 Any forecast of energy demands in India 
must start from a firmly established knowledge of the 
levels and trends of energy' consumption in the recent 
past. While the government departments and admini¬ 
strative bodies concerned have collected for their 
own working purposes a minimum body of statistics, 
these were not, when the work of the Energy Survey 
started on a sufficiently comprehensive and com¬ 
parable basis to make possible the more detailed 
analysis of the uses of energy which was a necessary 
preliminary. Much of the work of the staff of the 
Survey has necessarily been devoted to the re¬ 
organisation and amplification of the statistical 
evidence. In this work, invaluable aid has been re¬ 
ceived from the office of the Coal Controller in 
Calcutta, from the head offices of the Oil Companies 
working in India, as well as from all Government 
Departments concerned. 

24. We emphasise this because it is a necessary 
precondition of any continuing study of the energy 
problems of India that the statistical material that 
we have collected and organised for purposes of the 
present report and print in detail in the Annexes 
shall be maintained in the future, so that the Govern* 
ment of India can at intervals review the trends and 
if necessary revise its policies. We suggest that the 
responsibility for the regular collection and organi¬ 
sation of the necessary statistics be given to the 
division of the Planning Commission which has re¬ 
cently been established to handle the problems of 
Energy. But an adequate supply of statistical material 
must depend ultimately on the collection of the basic 
data. We hope that the Survey of Industries will again 
collect the relevant information regarding the use 
of energy. 

25 The detailed statistical evidence, that we 
have organised goes back to 1953/4. Beyond that 
year, the records of the Coal Controller, on which we 
have depended heavily for our estimates of the use 
of coal, no longer survive in the complete detail that 
has been necessary for our purposes. While the broad 
trends can be measured over longer periods, we would 
hesitate to depend on the figures of earlier years to 
measure either total consumption after allowing for 
stock changes, or the exact distribution of the total 
of coal consumed between different users. 


26. The energy supplies of any country must 
derive ultimately from a few basic sources of “pri- 
mary” energy. They may, as has already been said, 
be transformed before consumption into “secondary” 
forms, such as electricity or gas, but these depend 
in turn on the primary sources from which they are 
transformed. In most countries of the world the chief 
sources of primary energy have until recently been 
three: coal, oil and water-power converted into 
electricity. In the past few years nuclear energy has 
been added to these three sources. In most countries 
there are other “minor” sources of energy: peal, 
wind-power, timber burned as fuel, charcoal and the 
like; in most countries, however, these are small 
and the major primary sources of commercial energy 
account for almost the whole supply. In India the 
situation is very different in that these “minor” 
sources of “non-commercial” energy are in fact the 
major source of energy, in the sense that they provide, 
as has been said above, more than half of all energy. 

27. Regarding the sources of commercial energy, 
reasonably reliable data have now been organised. 
Regarding the sources of non-commercial energy the 
estimates are much less certain. They derive princi¬ 
pally from a sample survey, covering this among other 
issues, that has been conducted by the National 
Council of Applied Economic Research. A stratified 
sample of nine thousand rural family units, spread 
over all of India, has provided a basis for estimating 
rural consumption of non-commercial energy. An 
earlier survey of domestic energy consumption in 
the bigger towns of India makes it possible to fill 
out the results of the rural survey to cover the whole 
country. The rural survey has included the consumption 
of small-scale rural industries. 

28. For the year 1960/1, Table 2 shows the 
sources both of commercial and non-commercial 
energy. In this Table, the various sources are meas¬ 
ured in the original natural units in which energy of 
that kind is usually bought and sold. For all energy, 
the annual consumptions are carried back to 1953/4. 
For the non-commercial sources, the available sta¬ 
tistics relate in part to 1958 9 and in part to 1962/3; 
the series as a whole is estimated on the basis of 
these data and of population growth (see Annex 1). 
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TABLE 2 

ENERGY CONSUMPTION IN INDIA 
IN TERMS OF PRIMARY SOURCES MEASURED 

IN ORIGINAL UNITS 1 


Year 


Commercial Fuels 


Non 

-connercia1 

Fue is 4 


Coa 1 
million 

tonne* 

Oil 2 

million 

tonne* 

Hyd ro 2 

Pone r 
Generated 

TWh 

Dung 

million 

tonnes 

Firewood 

million 

tonnes 

Vegetable 

Vests 

mi II ion 
t omes 

1953/4 

34.1 

3.5 

2.9 

46.4 

86.3 

26.4 

1954/5 

34.2 

3.9 

3.2 

47.8 

87.5 

27.0 

1955/8 

35.1 

4.4 

3.7 

48.8 

88.8 

27.7 

1958/7 

37.1 

4.8 

4.3 

50.1 

90.1 

2 8.4 

1957/8 

41 .6 

5.2 

5.1 

51.4 

91 .4 

29.1 

1958/9 

43.6 

5.5 

5.8 

52.7 

92.7 

29.9 

1959/60 

43.9 

6.1 

7.0 

53.3 

96.3 

30.2 

1980/1 

49.9 

8.7 

7.8 

54.0 

100.0 

30.7 

1981/2 

54.4 

7.5 

9.8 

54.5 

100.8 

30.G 

1982/3 

59.8 

8.5 

11.8 

54.9 

101 .6 

31.1 


1 Total interna I consumption deluding Intarnat lonal ocean going 
vessels (bunks rs) and taking account of the balance of foreign 
trade and stock changes in pr inary and secondary forma of energy. 

2 includes refinery losses end consumption but excludes 
non-eeergy products. 

3 Gives the net electricity generated. 

4 The estimates for the consumption of non-commarciaI fuels have 
bean made by methods described in Chapter 8. They are 
necessarily much lass firm estimates than those tor the 
commercial fuels. 

29. Lor the purposes of measuring the growth very widely differing thermal efficiencies. Mcasure- 

in the consumption of energy and to envisage the ment in terms of kilocalories will greatly exaggerate 

problems of substituting one form of energy for another the effective part played by, say, cow-dung and 

it is valuable to reduce all these estimates of pri- greatly undervalue the effective part played by, say, 

mary energy to some common unit. There are various oil in the Indian energy economy. What is even more 

ways in which this may be done. In most of the important, the major practical problems of the Indian 

similar energy studies that have been made in Europe energy economy are the substitution of newer forms 

and elsewhere the volumes of energy derived from of energy, such as oil or electricity, for the older 

each primary source have been expressed either in forms such as cow-dung or firewood. It is convenient 

kilocalories or in tonnes of coal equivalent by a and helpful to clear thinking if 10 million tonnes 

process of measuring the kilocalorie content of each of cow-dung, as measured in terms of coal, are cap- 

fuel and, where the coal equivalent method has been able of being replaced by 10 million tonnes of oil, 

used, by measuring also the average heat value of a when measured in the same units. We have therefore 

tonne of locally available coal. used throughout this study units of coal replacement; 

30. That method has very obvious scientific each type or source of energy has been measured in 

advantages and for the technical purposes for which terms of the coal that it replaces, when both the 

some data are valuable we have included in Annex 6 original source and the coal are used in appliances 

to this report, estimates of the sources and uses of or equipment, and with the thermal efficiencies that 

energy over the period 1953/4 to 1960/1 in kilo- are likely to be used in practice. The replacement 

calories. ratios’ that have been used and the reasons for their 

31. For the particular problems of India that adoption are set out in more detail in Annex 5. 

method has, however, certain disadvantages and -— 

limitations. Different types of energy are normally (U The “replace/lent ratios express the amount 

used, particularly in the circumstances of India, with of coal needed to substitute for oil products, 

dung, firewood and waste products in their final 
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use, taking account of the efficiencies involved 
in typical cases of substitution. The factors for 
coke and gas are however purely technical con¬ 
version factors, permitting the expression of the 
final consumption of these fuels in terms of the 
primary input of coal actually needed. The re¬ 
placement factor used for final electricity con¬ 
sumption permits its expression in terms of the 
amount of coal that would have been needed if 
no hydel or oil generation were available. The 
assumptions made have been set out in Annex 5: 
Indian Energy Statistics in Coal Replacement. 
The actual replacement ratios employed have 
been as follows: 


10*kWh electricity (1 TWh) 
1953/4 to 1960/1 

1965/6 to 1980/1 
1 million tonnes oil 
products 

1 million tonnes soft coke 
1 million tonnes hard coke 
1000 m. m 3 manu¬ 
factured gas 

1000 m. m 3 blast furnace 
gas 

1 million tonnes dry dung 
1 million tonnes firewood 
or waste 


= 1.0 million tonnes 
coal replacement 

_ Q7 .» » » 

= 6.5 ” ” ” 

= 1.5 ” ” 

= 1.13” ” ” 

= 0.83” ” ” 

= 0.18” ” ” 
r 0.4 ” ” ” 

= 0.95” ” ” 


32. Table 3 shows the total consumption of 
energy in India, expressed in terms of the primary 
sources and measured in terms of coal replacement. 
It will be seen from this Table and from Table 4 
that, as has been pointed out earlier, the non-com¬ 
mercial sources still provide more than half of the 
energy available to India. Of the commercial sources 
coal provides a little over a half. Oil, when measured 


at the replacement ratios that we have used, pro¬ 
vides about two-fifths of the effective commercial 
energy used in the country; measurement in terms of 
kilocalories tends to under-rate the important part 
that oil plays in meeting India’s needs for energy. 
Hydel, though its share has increased very appreci¬ 
ably in recent years, still provides only about 7% of 
commercial energy and about 3% of total energy. 


TABLE 3 

ENERGY CONSUMPTION IN INDIA 
IN TERMS OE PRIMARY SOURCES MEASURED 
IN MILLION TONNES OF COAL REPLACEMENT 1 




Commercial Fuels 



Non 

-commercial 

Fuels 4 


Year 

Coal 

Qi I 2 

Hydro 3 

Power 

Total 

Comma r- 
c ial 

Dung 

Fi re¬ 
wood 

Vege- 

table 

Waste 

Total 

Non- 
Comma r- 
cial 

Grand 

Total 

1953/4 

34.1 

22.0 

2.5 

58. B 

18.6 

82.2 

25.1 

125.9 

184.5 

1954/5 

34.2 

23.4 

2.8 

60.4 

19.1 

83.3 

25.6 

128.0 

188.4 

1955/6 

35.1 

25.7 

3.3 

64.1 

19.6 

84.4 

26.3 

130.3 

194.4 

1956/7 

37.1 

28.0 

3.8 

68.9 

20.1 

85.6 

27.0 

132.7 

201.6 

1957/8 

41.6 

30.3 

4.5 

76.4 

20.6 

86.9 

27.7 

135.2 

211.6 

1958/9 

43.6 

32.5 

5.2 

81.3 

21.1 

68.3 

28.4 

137.8 

219.1 

1959/60 

43.9 

35.7 

6.2 

85.8 

21.3 

81 .7 

28.7 

141..7 

227.5 

1080/1 

49.9 

39. 1 

8.8 

95.8 

21.6 

95.3 

29.2 

148.1 

241.9 

1961/2 

54.4 

44.1 

8.6 

107.1 

21.8 

96.0 

29.4 

147.2 

254.3 

1962/3 

59.8 

51.0 

1 0.4 

121.0 

22.0 

96.8 

29.6 

148.3 

269.3 


1 Total internal consumption excluding international ocean going 
vessels (bunkers) and taking account of the balance of foreign 
trade and stock changes in primary and secondary forms of energy. 

For further definitions, see the Introductory Notes to Annexes 

4 and 5. 

2 Coal replacement for oil is obtained by multiplying actual tonnes of: 

a) LOO consumption in powsr generation by 3 

b) Fuel oil consumption in power generation by 2 and 

c) Total internal final consumption excluding oil 
refineries’eonsumption by 6.5 

3 Hydro power coal replacement is obtained by deducting trans¬ 
mission and distribution losses at 12K from hydro generation 
to arrive at units sold and taking 1 million tonnes coal 

replacement par TWh (10 kWh) sold. 

4 The estimates for the consumption of non-commercial fuels 
have been made by methods described in Chapter 8. They Bre 
necessarily much less firm estimates than those for the 
commercial fuels. 
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TABLE 4 


CONTRIBUTION OF THE VARIOUS FORMS OF PRIMARY 
ENERGY TO THE TOTAL CONSUMPTION OF PRIMARY 
ENERGY IN INDIA 

(Percentages) 



Yea r 

Coa 1 

Oil 

Hyd ro 
Power 

Non-corame rcia 1 

Fo rm* 

6rand Total 


1953/4 

18.5 

11.0 

1.4 

68.2 

100.0 



1954/5 

18.2 

12.4 

1.5 

B7.9 

100.0 



1955/6 

18.1 

13.2 

1. 7 

67.0 

100.0 



1956/7 

18.4 

13.9 

1.9 

65.8 

100.0 



1957/8 

19.7 

14.3 

2.1 

63.9 

100.0 



1958/9 

19.9 

14. 8 

2.4 

62.9 

100.0 



1959/80 

19.3 

15.7 

2.7 

62.3 

100.0 



1 960/1 

20.6 

16.2 

2.8 

80.4 

100.0 



1961/2 

21.4 

17.4 

3.4 

57.8 

100.0 



1962/3 

22.2 

18.9 

3. 9 

55.0 

100.0 


33. In Table 5 we show the total consumption 
of energy in the natural units after such transfor¬ 
mation into secondary forms as has taken place. We 

have continued to treat oil products as a group, 
though transformation does, of course, occur in the 
process of refining the crude oil into petroleum products. 





TABLE 5 







FINAL 

CONSUMPTION IN INDIA 






OF VARIOUS FORMS OF PRIMARY AND SECONDARY ENERGY 
(Original Units*')) 



Year 

Cok ing 
coa 1 
mi 1 1 i on 
tonnes 

Non- 
coking 
coa 1 
mi 11ior 
tonnes 

Metal¬ 

lurgical 

coke 

i million 

tonnes 

Non- 
metal- 
lurgical 
coke 
m rl 1 i orr 
tonnes 

Manufac- 
Liquid tured. 

fuels gas 10° 

million cubic 

tonnes metres 

(2) 

E1 ac t r i - 
ci ty 

TWh 

Non- 

connerc ial 
fuels (3) 
mi 11 i on 
tonnes 

1953/4 

7.9 

15.6 

1 .5 

1.4 

3.4 1.6 

8.8 

159.1 

1054/5 

7.4 

15.6 

1.5 

1.6 

3.8 1.7 

9. 7 

162.1 

1055/6 

7.0 

16.0 

1 .8 

1.7 

4.3 1.7 

10.9 

165.3 

1056/7 

7.8 

16.9 

1.7 

1.9 

4.7 1.7 

12. 0 

188.6 

1957/6 

8.2 

20.3 

1.7 

1.9 

5.0 1.8 

13.8 

171.9 

1058/9 

7.1 

21 .6 

2.4 

2. 1 

5.3 2.1 

15.5 

175.3 

1059/60 

5.2 

22.0 

2.9 

2.0 

5.8 2.9 

17.9 

179.8 

1060/1 

4.2 

26.0 

3.3 

1.8 

6.4 4.4 

20.2 

184.7 

1961/2 

3.9 

27.6 

4.9 

1.9 

6.7 5.2 

23.2 

186.2 

1962/3 

4.7 

30.2 

5.6 

2. 1 

7.6 6.3 

26.3 

187.6 


(1) Total internal final consumption including consumption by the 

energy sector and losses but excluding consumption for transformation, 
i.e. the final coal consumption does not include the coal consumed in 
industrial auto-producers' power and gas plants; the coke equivalent 
of the blast furnace gas produced has been deducted from the coke figures 
to arrive at final coke consumption in steel plants; the final gas 
consumption includes the consumption and losses in blast furnaces 
and under firing of coke ovens. See also Introductory Note to Annex 
4 as well as Tables Nos. 4 - 24 - 33 of that Annex and in particular the 
item ''Total Internal Final Consumption” 

3 3 

(2) Coke oven gas at 4500 kcal/m and blast furnace gas at 950 kcal/m 

are expressed in terms of gas works gas at 4200 kcal/m3. 

(3) Oung, firewood and vegetable waste. 
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34. In Table 6 the same data are presented in India only about 20% of all commercial energy wa 

the comparable form of tonnes of coal replacement. It up-graded before consumption in 1960. 1. and Jos 

can be seen from this Table and from Table 7, which than 8% of total energy, 

analyses the same data in percentage form, that in 

TABLE 6 


FINAL CONSUMPTION IN INDIA > 

OF THE VARIOUS FORMS OF PRIMARY AND SECONDARY ENERGY 
(Million tonnes ol coal replacement) 


Yea r 

Coking 
coa 1 

Non - 
coking 
coa 1 

Metal¬ 

lurgical 

coke 

Non - 
Metal¬ 
lurgical 
coke 

Liquid 

fuels 

Manufac¬ 

tured 

gas 

E 1 ect r i - 
city 

Total 

Comm¬ 

ercial 

sour¬ 

ces 

Non- 
Comm. 
e r c i a I 
fuels 

G r and 
Total 

1953/4 

7.9 

15.6 

1. 7 

2.2 

22. 0 

1. 3 

7.6 

58.3 

125.9 

1 84.2 

1954/5 

7.4 

15.6 

1 .8 

2.4 

23.4 

! 

1.3 

8.4 

60.3 

128. 0 

1 88.3 

1955/6 

7.0 

16.0 

2.0 

2.5 

25.7 

1.3 

9.4 

63.9 

130.3 

1 94.2 

1956/7 

7.8 

16.9 

1.9 

2.9 

28.0 

1.2 

10.2 

68.9 

132.7 

201 .6 

195 7/8 

8.2 

20.3 

1 .9 

2.8 

30.3 

1.4 

11.8 

76.7 

135.2 

211.9 

1958/9 

7.1 

21.6 

2.7 

3.1 

32.5 

1 .6 

1 3.2 

81 .8 

137.8 

219.6 

1959/60 

5.2 

22.0 

3.3 

3.0 

35.7 

2.2 

15.4 

86 8 

141.7 

228.5 

1960/1 

1961/2 

4.2 

26.0 

3.9 

2.8 

39. 1 

3.5 

16.9 

96.4 

146.1 

242.5 

3 .9 

27.8 

5.5 

2.8 

43.4 

4.2 

1 9. 7 

107.1 

147.2 

254.3 

1962/3 

4.7 

30.2 

6.3 

3.2 

49. 7 

4.7 

22.2 

121.0 

148.3 ' 

269.3 


(I) Total internal final consumption including consumption by the energy 
sector and losses but excluding consumption for transformation, i . e. 
the final coal consumption does not include the coal consumed in 
industrial auto producer's power and gas plants, the coke equivalent 
of the blast-furnace gas produced has been deducted from the coke 
figures to arrive at final coke consumption in steel plants; the 
final gas consumption includes the consumption and losses in blast 
furnaces and under firing of coke ovens. See Introductory Notes to 
Annexes 4 and 5. 


TABLE 7 

CONTRIBUTION OF THE VARIOUS FORMS OF PRIMARY AND 
SECONDARY ENERGY TO THE TOTAL CONSUMPTION OF ENERGY 
IN INDIA 
(percentages) 


Year 

Coking 
Coa 1 

Non- 
cok- 
ing 
coa 1 

Me ta 1 - 
l u rg i - 
ca 1 

Coke 

Non- 
metal- 
lurgi - 
ca 1 

Coke 

Liquid 
Fue 1 s 

Manu- 
f ac- 
1 u red 
Gas 

Elec¬ 

tri¬ 

city 

Non- 

com- 

me r - 
c i a 1 
fuels 

T o t a 

1953/4 

4.3 

8.5 

0.9 

1.2 

12.0 

0.7 

4. 1 

88. 3 

100.0 

1954/5 

3.9 

8.3 

1 .0 

1.3 

12.4 

0.7 

4.5 

67.9 

1 00.0 

1955/6 

3.8 

8.2 

1 .0 

1 . 3 

13.2 

0.7 

4.8 

67.2 

1 00.0 

1956/7 

3.9 

8.4 

0.9 

1 . 4 

13.9 

0.6 

5.0 

65.9 

1 00.0 

1957/8 

3.8 

9.5 

0.9 

1.3 

14.2 

0.7 

5.6 

64.0 

1 00.0 

1958/9 

3.2 

9.9 

1 .2 

1.4 

14.8 

0.7 

6.0 

62.8 

1 00. 0 

1959/60 

2.3 

9.6 

1 .4 

1.3 

15.6 

1 .0 

6.7 

62.1 

100.0 

1980/1 

1 . 7 

10.7 

1 .8 

1.2 

16.1 

1 .4 

7.0 

60.3 

100.0 

1961/2 

1 .5 

10.9 

2.2 

1 . 1 

17.1 

1 .7 

7.7 

57. C 

1 00.0 

1982/3 

1.7 

11.2 

2.4 

1.2 

18.5 

1 .8 

8.2 

55.0 

1 00.0 
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35. Table 8 shows the rules of growth in recent 
years of consumption of energy in the various forms 
of coal, coke and gas, of petroleum products and of 
electricity. It will be seen that, over the years 1953 4 
to 1962 3 final consumption in all forms increased by 
107%, an average of 8.4% per year consumption of 
coal and coke as such (excluding, that is, coal used 
for generation of electricity) increased by 71%, an 
average of 6.1% per year. C.onsumpti on of oil products 


as such increased 126%, an average of about 9 * 2 % per 
year. Consumption of electricity increased by 192%, 
an average of about 12.6% per year. In interpreting 
these figures, it is important to remember that at dif¬ 
ferent times there have been scarcities or restrictions 
on demand for different types of energy ond that the 
growths may indicate in some cases the increases of 
available supplies rather than the increases of de¬ 
mand proper. 


TABLE 8 




RATES OF INCREASE OF FINAL CONSUMPT1 ON OF 





COMMERCIAL ENERGY 






1953 /4 to 1 962/3 






(1953/4 r 100) 




Consumpt i on 
of coal, coke 
as such, (1 ) 

Consumption 
of Pe t roI sum 
Products as 
such.(2) 

Consumpt i on 
o I 

Electricity 

Total Final 
Consumption 

1953/4 


1 00 

1 00 

1 00 

100 

1954/5 


99 

1 06 

1 1 0 

103 

1955 6 


1 00 

t 17 

124 

1 10 

1956' 7 


1 07 

127 

134 

118 

1957/8 


1 20 

138 

155 

132 

1958/9 


126 

148 

1 74 

1 40 

1959/60 


124 

162 

202 

1 49 

1960/1 


141 

1 78 

222 

165 

1961 2 


153 

1 98 

260 

1 84 

1962/3 


1 71 

226 

292 

207 

Average Rate 
of growth 

1953/4 t o 1962/3 

6,1% 

9.5% 

12.6% 

8 4% 


(1) Total internal final consumption, including 
consumption by the energy sector, but excluding 
consumption for electricity generation; con¬ 
sumption of gas is included in these figures. 

(2) Excluding consumption for electricity generation. 


36. In the case of India, where i mports create 
special problems, it is important also to know what 
proportion of all energy requires to be imported. In 
Table 9 we show, again in terms of coal replacement, 
the indigenous production, net imports, bunkers and 
stock changes for the commercial fuels for each year 
from 1953'4 to 1962 3. It will be seen thut in 1962 3 
about 37% of the consumption of commercial energy 
and about 17% of all energy was provided by import. 
During the years since 1953 4 these proportions have 
risen despite the considerable increase of indigenous 
coal production; in 1953 4 the proportion of com¬ 
mercial energy provided by import was about 34% and 
of total energy probably about 11%'. 

37. The commercial energy of India principally 
serves the growing needs of the modern economy. In 


1962 3 about 17.5% of the whole went to domestic 
consumption; this proportion has been almost con¬ 
stant during the past nine years. Of the remaining 
82.5%, 30% went to transport, 43.5% to industry ond 
3% to agriculture; the greater part of the remainder 
represented the use of energy by the coal-milling 
industry itself. Table 10 shows the trends in the 
consumption of commercial energy by different sectors. 

38. 1 he total consumption of commercial energy 

increased during the period 1953 4 to 1962 3 by 
about 8.5% compound per annum. Domestic consump¬ 
tion, as may be seen from I able 11, increased at 
about the same rate. The increases were most rapid, 
among the sectors here identified, in iron and steel, 
us might be expected and. somewhat more surprising¬ 
ly. in agriculture. The consumption in transport 
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(principally road transport) has grown more slowly, 
partly no doubt as a consequence of deliberate re¬ 
straint over this form of expenditure. The growth of 
consumption in industries other than iron and steel 
has been about 8.8% compound per annum. In all 
industry, including both the iron and steel industry 
and all other industry, the average growth has been a 
little over 10% per annum. 

39. If the experience of the past is to be used 
as a basis for estimating future demand it is useful 
to examine in some detail the relation of the growth 
of energy over these years to the growths of national 
income and of industrial production. During the years 
1953 4 to 1962/3, energy consumption, national in¬ 
come, and industrial production increased as shown 
in Table 12. 

40. While there are inevitable uncertainties re¬ 
garding the growth of the consumption of non-com¬ 
mercial energy and the estimates of the latter have 
assumptions about the growth of domestic consump¬ 


tion, it would seem that the increase of consumption 
of total energy was slightly greater than the increase 
of national income: Our estimates suggest a 46% in¬ 
crease of energy consumption between 1953/4 and 
1962/3 associated with a 33% increase of national 
income. For the last five years 1957/8 to 1962 3 an 
increase of energy consumption of 27% has been as¬ 
sociated with a 22% increase of national income. 

41. The consumption of commercial energy in 
the modern economy outside the Domestic sector in¬ 
creased during the period 1953/4 to 1962 .3 by 109%: 
industrial production increased by about 85%. Again 
the increase of energy consumption in the sector 
concerned was greater than the increase of production. 
Over the period 1953/4 to 1962/3 a 7% average 
growth of industrial production was associated with 
a 8/4% average growth of energy consumption in these 
sectors. Over the last five years, a 60% increase of 
energy consumption in the sector was associated 
with a 45% increase of industrial production. 

TABLE 9 


ENERGY CONSUMPTION IN INDIA 

EXPRESSED IN TERMS OF INDIGENOUS PRIMARY SOURCES AND IMPORTS 
( alllion tonnes of cool replacement) 

Indigenous Production 


Yea r 

Coa 1 

Oi 1 

Products 
from Indig¬ 
enous Crude 

Hydro¬ 

power 

Non- 

Commercia 1 
Energy 

Total 

Nat 

Imports 

Stock 

Changes 

Bunker s 

Total 

Consump- 

Net Imports 
as % of Tota 
Consumption 

1053/4 

36.7 

1.3 

2.2 

125.0 

166. 1 

20.0 

r - 0.2 

- 2.1 

184.2 

10.8 

1954/5 

37.6 

2.0 

2.7 

128.0 

170.3 

22.7 

-2.7 

- 2.0 

188.3 

12.1 

1955/8 

38.9 

2.3 

3.3 

130.3 

174.8 

24. 9 

-3.4 

- 2.1 

194.2 

12.8 

1956/7 

40.8 

2.7 

3.8 

132.7 

i an n 

9 A A 

*} *1 

-2.7 

201.6 

13.2 

1 OU . u 

40. D 

■ 4 . J 

1957/8 

44.8 

3.0 

4.5 

135.2 

187?^ 

29.6 

- 2.0 

-3.0 

211.9 

14.0 

1G58/9 

46.9 

3. 1 

5.2 

137.8 

193.0 

32. 1 

- 2.6 

-2.9 

219.6 

14.6 

1859/60 

48.4 

3. 1 

8.2 

141.7 

199.4 

35.8 

-4. 1 

- 2.8 

228.5 

15.7 

1960/1 

55.5 

3.1 

8.8 

146.1 

211.5 

38.7 

-4.7 

-3.0 

242.5 

16.0 

1061/2 

58.0 

4.0 

6.8 

1 47. 0 

215.6 

43.0 

- 0.2 

-3.0 

255.4 

16.8 

1882/3 

64.9 

7.7 

10.4 

148.2 

231.3 

45.4 

-2.9 

-3.2 

270. 6 

16.8 


put to stocks 
+ taken f rom stocks 

Note: I) Production liguros are inclusive 
ot Bunkers. 

2) coal replacement of oil is 
obtained by multiplying totel 
internal final consumption exclu¬ 
ding oil refinerits’consumpt ion 
by 6.5, LOO consumption in power 
generation (transformation) by 3 
and fuel oil consumption in trans- 
format ion by 2. 


3) Hydro power coal replacement is 
obtained by deducting transmission 
and transformation losses at 12% 
from hydro generation and taking 

1 mi 11 ion tonnes coal replacement 
per Tth (109 kWh) sold 

4) Indigenous production of non-commercial 
energy ismeasured in terms of 

actual consumption of such energy 
and not interms of the potentially 
available suppIy. 

5) For further definitions, see 
Introductory Notes to Annexes 4 and 5. 
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TABLE 10 


TRENOS OF CONSUMPTION OF COMMERCIAL ENER6Y BY SECTQRS ( 1) 




(Mi 1 1 

ion tonnes 

of coal 

rep 1acemant ) 






1953/4 

1954/5 

1955/6 

1958/7 

1 957/8 

1958/9 

1959/60 

1980/1 

1961/2 

1982/3 

Transport 

20.3 

20.3 

21.8 

24.2 

26.3 

27.3 

28.8 

31.0 

33.5 

38.0 . 

Indus try: Iron & S t e e 1 ^ 2 ^ 

3.9 

3.9 

4.0 

4.0 

4.3 

5.6 

6.5 

9.5 

12.2 

13.9 

Othe r 

18. 1 

19.0 

19.3 

20.4 

24.4 

26.1 

26.2 

29.0 

32.2 

38.7 

Agr icu 11 ure 

1 . 7 

1.8 

2.1 

2.3 

2.8 

3.0 

3.0 

3. 1 

3.2 

3.5 

Domes 1 1 c 

10.6 

1 1 .5 

12.5 

13.7 

14.3 

15.0 

16.6 

17.2 

19.1 

21 . 1 

Commercial, Government 
and other 

1.4 

1 .5 

1 . 7 

1. 7 

1.7 

2.0 

2.3 

2.4 

2.0 

2.3 

Co 1 1 i er i es i Re f i ne r i es 

2.3 

2.3 

2.5 

2.6 

2.9 

2.8 

3.4 

4.2 

4.9 

5.5 


58.3 

60.3 

63.9 

68.9 

76.7 

81 .8 

86.8 

96.4 

107. 1 

121.0 

1) Total internal final i 

cons umption 

; see also 

footnotes 

to Table 

5 and 







introductory notes to Annexes 4 and 0. 

(2) Except in 1960/1 and later years, excluding oil products which 
are not separately available for Iron and Steel Industry and 
which are included under ‘‘other industry''. 


TABLE 11 


PER CENTAGE INCREASES IN CONSUMPTION OF COMMERCIAL ENERGY 
IN DIFFERENT SECTORS. 



1 953/4 

1954/5 

1955/6 

1956/7 

1857/8 

1958/9 

1 859/60 

1880/1 

1981/2 

1962 /3 

Average 

annua 1 
growth 
in % 
f ro* 
1953/4 
to 

1962/3 

Transport 

100 

100 

107 

119 

130 

134 

142 

153 

185 

177 

8.5 

Indus t r y : Iron & Steal 

1 00 

100 

103 

103 

110 

143 

187 

233 

313 

356 

15.4 

Othe r 

100 

105 

107 

113 

135 

144 

145 

162 

178 

214 

8.8 

Agr icul ture 

100 

106 

124 

135 

165 

176 

1 76 

182 

188 

206 

8.3 

Domes t ic^ 

1 00 

109 

118 

129 

135 

141 

157 

182 

180 

199 

7.9 

Commercial, Government 
and other 

1 00 

107 

121 

121 

121 

143 

164 

171 

143 

164 

5.6 

Col 1ieries l Refinerlet 

100 

100 

109 

113 

126 

122 

148 

183 

213 

239 

19.2 

TOTAL 

100 

104 

110 

118 

132 

140 

149 

165 

184 

208 

8.5 


(o)Comm*rc i a I energy only 
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TABLE 12 


ENERGY CONSUMPTION IN RELATION TO 
NATIONAL INCOME AND INDUSTRIAL PRODUCTION 

(1953/4 = 100) 



1953/4 

1954/5 

1955/0 

1958/7 

1957/8 

1958/9 

1959/80 

1 980/1 

1961/2 

1962/3 

Hit Nat ional 
Output (at 
factor cost) 
at prices 
of 1948/9 

100 

102 

104 

110 

109 

116 

118 

127 

130 


133 

Indust r rat 
Product i on 

too 

106 

115 

124 

128 

134 

146 

161 

173 

185 

Consurapt ion of 
Comme rc i a 1 

Energy outside 
Domes t ic 

Sector 

100 

102 

108 

118 

131 

140 

147 

166 

184 

209 

Consumpt ion of 
Total Energy 

100 

102 

105 

109 

115 

119 

124 

132 

138 

146 
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CHAPTER 4 

Estimates of Future Demand 


I GENERAL PROBLEMS OF FORECASTING 

42. In the last Chapter we set out some of the 
general macro-economic relations between the con¬ 
sumption of total energy and of commercial energy, 
on the one hand, and national income and industrial 
production, on the other hand. In attempting forecasts 
of energy demands in India these general relations 
can be used as a check on other methods of fore¬ 
casting. 

43. If forecasts are to be of practical use in 
Indian conditions they must be attempted not only in 
aggregate terms and for all India, but also in terms of 
the probable scales of demand in different regions 
of India and for different types of energy - coal, 
oil and electricity in particular - in each region. 
Such estimates may be made by either of two methods: 
by building up a series of individual estimates for 
each region and type of energy separately and then 
aggregating them; or alternatively by estimating the 
aggregate trends of the Indian economy as a whole 
and in various sectors and seeing how the demands 
in each sector are likely to be distributed between 
the regions of India. Since the limits on possible 
industrial development are set by general and all- 
India considerations of the availability of capital, 
foreign exchange and other resources and by the 
over-all trends of the whole economy, more accurate 
forecasts arc likely to be made by starting with the 
aggregate trends of the Indian economy as a whole, 
and in its various sectors, and by breaking down 
these estimated aggregates into regional estimates. 
It is easier to estimate with reasonable accuracy 
the total demand for steel or cement or textiles in 
India as a whole than to estimate what volume of 
each of these any particular state will be able to 
produce for an uncertain market. Thus our estimates 
of energy demand have started from estimated levels 
of activity and production in India as a whole. 

44. The methods that we have used have been 
two-fold. We have estimated, as a broad check on 
our results, the probable aggregate of energy likely 
to be required if the Indian economy grows at certain 
rates. We have estimated sector by sector the 
probable growth of production of activity and the ap¬ 
propriate energy consumption in each, and have 
totalled these estimates. Next, we have attempted 
to estimate the consumption of different types of 
energy within the total. Finally, we have attempted 
to estimate the probable levels of demand for dif¬ 
ferent types of energy in different regions. 

45. In making our forecasts we have set the 
furthest horizon as far ahead as 1980/1, but have 
attempted to estimate for the last year of each plan 


period up to that date. We are well aware that the 
uncertainties multiply with the distance of time 
ahead. On the other hand, the planning and creation 
of the supply of energy takes an exceptionally long 
time. Hydro-electricity projects take eight to ten 
years from first conception to final completion. A 
deep coal mine may equally take eight to ten years 
to plan, sink shafts and develop fully. Thus it is 
important to be looking ahead in the preliminary 
stages of energy planning some fifteen or more 
years if the scale and strategy of necessary develop¬ 
ment is to be got right. 

II FORECASTS BASED ON 

MACRO-ECONOMIC RELATIONS 

46. We begin, therefore, by establishing, on 
the basis of past experience the orders of magnitude 
of the possible aggregate demands for energy in all 
forms. The past growths of 8/4% per annum in con¬ 
sumption of commercial energy and of about 4.3% in 
consumption of total energy have been related, as 
has been shown, to growths of 7% in industrial pro¬ 
duction and 3.2% in net national income. 

47. We have taken, as a basis for our forer 
casting, alternative possible rates of future growth 
of the Indian economy. The rates of assumed national 
income growth that we have taken are 5%, 6% and 1 
7%. Much of the thinking and calculation regarding 
the future pattern of development of the Indian 
economy has been based on the assumption of 7% 
growth. We have made very considerable use of the 
patterns of growth assumed in that work, but have 
adjusted them also to 5% and 6% growth rates. 

48. What we shall continue to call the 7% 
growth rate for the Indian national income is funda¬ 
mentally based on the study entitled Notes on 

Perspective of Development: 1960/1 to 1975/6* as 
revised April 1964. The growth path of national in¬ 
come assumed in that study is not consistently one 
of 7%. It assumes for the economy as a whole a 
growth of 4.9% from 1960/1 to 1965/6 - falling be¬ 
low the 7% growth path as a result of the abnormal 
difficulties of these years. From 1965/6 to 1975/6 
it assumes for the economy as a whole a growth of 
slightly over 7%, so that by 1975/6 an average growth 
since 1960/1 of 6.6% is achieved and the economy 
is supposedly geared to further growth at a rate of 
7% per year. We have assumed that rate of further 
growth to 1980/1, which implies an average growth 
rate-of 6.8% over the whole twenty years. 

49. For the two cases that we shall call 6% 
and 5% national income growth we have assumed 

*lssued by the Perspective Planning Division, 

Planning Commission, New Delhi. 
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FIGURE 1-INDICES OF NATIONAL INCOME AT 1960/1 PRICES 
1950/1 TO 1980/1 
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slightly lower growth rates to 1965/6 and thence 
forward growth rates of slightly more than 6% and 
5% respectively, so that in each case the average 
growth rate to 1975/6 is at the level of 6% or 5%. 
From 1975/6 we assume continued growth at the 
same rate. Our assumed levels of national income 
for all three cases for the forecasted years and re¬ 


cent past years are shown graphically in Figure 1. 

50. On the basis that total demand for energy, 
commercial and non-commercial, may be expected 
to increase about proportionately to national income 
in future as in the past, the total demands at future 
dates might be expected to be approximately as 
follows: 


TABLE 13 

ESTIMATES OF FUTURE DEMANDS FOR TOTAL ENERGY 
COMMERCIAL AND NON-COMMERCIAL 



(based 

on possible 

national income trends) 



(Mi 

11ion tonnes 

of coal rap! 

1 acement) 




1960/1 

1970/1 

1975/6 

1 980/1 

CASE 

1 (5%) 

243 

393 

505 

842 

CASE 

II (6%) 

243 

424 

581 

779 

CASE 

III (>7») 

243 

446 

635 

895 


51. The assumed 7% growth rate of national in¬ 
come as a whole requires an average annual growth 
of industrial production (in large-and small-scale in¬ 
dustry together) of about 10%. For the same reasons 
that were described above the growth of industrial 
production between 1960/1 and 1965/6 is expected 
to average about 8.7% per year. From 1965/6 on¬ 
wards to 1975/6 the assumed rate of growth of in¬ 
dustrial production is about 11-2% per year, so that 
the average for the whole period 1960/1 to 1975/6 
is about 10.3% per year. We have assumed continued 
growth of 10% per year from 1975/6 to 1980/1. 

52. The two lower cases correspond approxi¬ 
mately to 8/4% industrial growth per year and 7% in¬ 
dustrial growth per year and we so describe them.The 
actual average growth rates that we have assumed 


are 8.6% and 7.1%. Again a slightly slower growth to 
1965/6 is assumed in the 8!4% case. 

53. We have assumed that the growth rates of 
net output in agriculture that correspond to our three 
cases are as follows: Case 1, 3.1%; Case II, 3.5%; 
Case III, 3.9% (The assumed increases of gross 
agricultural output are rather higher). In all three 
cases we assume lower growth rates to 1965/6. 

54. On the basis that the growth of demand for 
commercial energy outside the domestic sector may 
be expected to increase in future about proportion¬ 
ately to the rate of growth of industrial production, 
estimates of demand for. commercial energy alone 
may, as a check on other calculations, be estimated 
as follows: - 


TABLE 14 

ESTIMATES OF FUTURE DEMANDS FOR COMMERCIAL 
FORMS OF ENERGY OUTSIDE THE DOMESTIC SECTOR 

(based on possible trends ot industrial production) 
(Million tonnes of coal replacement) 




1960/1 

1970/1 

1 975/6 

1980/1 

CASE 

1 (7 %■ irrdust rial growth) 

79 

152 

222 

312 

CASE 

II (8)f% industrial growth) 

79 

180 

272 

410 

CASE 

III (10% Industria 1 growth) 

79 

214 

345 

532 
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CHAPTER 5 

Forecasts Based on Sectoral Projections 

Transport 


55. The energy used for purposes of transport placement. The use of energy in transport in that 

amounted in 1960/1 to 31.0 million tonnes of coal re- year is shown in Table 15. 

TABLE 15 


ENERGY USED IN TRANSPORT 
1 980/1 

(silllon tonnes of coal replacement) 



Non-Coking 

Coking 

Pa t r o 1 a ua 

Electricity 

Total 


Coa 1 

Coal 

Produc ts 



Rail 

14.2 

1.3 

0.5 

0.8 

16.8 

Road* 1 ’ 

- 

- 

11.3 
< - 

- 

11 .3 

Watar (2) 

0.'5 

— 

0.6 

— 

1 .1 

Air 

- 

- 

1 .8 

- 

1.8 

Total 

14.7 

1.3 

14.2 

0.8 

31 .0 

(1) There was 

a saa II use of 

electricity 

in traaways 




which raprtianttd lata than 0.1 Billion tonnai 
of coal raplacanant; 0.3 Billion tonnaa of patrolaun 
products ara aatinatad to have baan uaad in agricultural 
tractors. 

(2) Internal waterways and coastal shipping only; 
excluding intarnat ions I bunkers. 


CONSUMPTION BY RAILWAYS 
« 

56. Over the years 1953/4 to 1960/1 the tonne- 82%. In Table 16 we show the relation of an index 

kilometers of freight carried by the railways rose of tonne-kilometers to the index of industrial production, 

from 48.3 billions to 87.8 billions - an increase of 

TABLE IB 


RELATION BETWEEN INCREASES OF RAILWAY FREIGHT TRANSPORT 
AW INDUSTRIAL PRODUCTION 



1953/4 

1 954/5 

1955/6 

1956/7 

1857 /8 

1958/9 

1959/80 

1980/1 

1 96 1 n 

1 982/3 

Freight 
t onns- 
kilose tars 
(bi11ione ) 

48.3 

52.5 

59.8 

65.8 

74.8 

76.5 

82.0 

87.7 

91 .2 

101.0 

1953/4 . 100 

1 00 

109 

123 

1 38 

155 

158 

170 

182 

189 

209 






100 





135 

Index of 

Indust rial 
Produc tion 

100 

1 06 

115 

124 

128 

134 

146 

161 

173 

185 






100 





148 

Freight 
tonne- 
kiloaatars 
par unit of 
Indust rial 
Product ion 

1 00 

103 

107 

110 

121 

118 

116 

113 

109 

113 
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57. It can be seen that from 1953/4 down t<. 
1957/8 the index of railway freight tonne-kilometers 
rose faster than the index of industrial production. 
Since 1957/8 it has been rising less fast. It is dif¬ 
ficult to predict with certainty whether the present 
trend will continue. On the basis of the six years 
1957/8 to 1962/3 it might appear proper to assume 
that railway freight tonne-kilometers will rise by 
about Vi of the growth of industrial production. But 
if the period is extended even one year backwards, 
the indices of industrial production and of freight 
tonne-kilometers have risen almost equally between 
1956 7 and 1962/3. For the moment, it is probably 
safest to assume that freight tonne-kilometers will 
rise rather less than proportionately to industrial 
production. 

58. In looking ahead to the future there are 
three points that it is important to have in mind. 
First, in the recent past more than 75“? of total goods 
tonne-kilometers have been carried by rail; as the 
fleet of road transport vehicles is built up and as 
coastal shipping is developed that proportion is 
likely to full. Second, as industrial production in¬ 
creases and more complex and sophisticated manu¬ 
factures are produced, the tonnage weight quantum 
of industrial production is likely to increase less 
than the quantum of output measured at constant 


prices in an index of production. Third, a substantial 
part of the tonnage at present carried by the railways 
is composed of coal required either by the railways 
themselves or by electric power stations; if, as we 
forecast, a large part of the locomotive-kilometers 
are likely to be provided in the future by diesel or 
electric locomotives, this will have considerable 
repercussions on the tonne-kilometers of railway 
coal to be carried; if, again, the generation of elec¬ 
tricity is, as we expect, increasingly located near 
the coal mines or coal washeries and electricity is 
transmitted by extra high voltage transmission lines, 
this also will have repercussions on the tonnages to 
be carried by rail. 

59. We have considered in the light of these 
factors and in consultation. with the Mission from 
the World Bank that was examining the problems of 
railway operation, the probable tonne-kilometers of 
goods likely to require to be carried, the probable 
locomotive-kilometers of diesel, electric and steam 
respectively and the consumption of different forms 
of energy implied. The estimates of the World Bank 
Mission correspond most nearly to our Case I. We 
ourselves take responsibility for estimating the other 
two Cases; for Case III, our estimates are close to 
similar estimates made in Notes on Perspective of 
Development. We give our estimates in Table 17. 


TABLE 1? 

PROJECTIONS Of RAILiAY FREIGHT TOMME-KI LOBSTERS 
0960/1 - 100) 


CASE 1 (7« inrtistrial 


1960/1 

1965/8 

1970/1 

1 975/8 

1 980/1 

growth) 




Index of Produc tion 

Index of Totel Goode 


100 

159 

227 

334 

501 

Tonne-Kilometers 

Percentagei eet insted 
to be carr ied by: 

Ra i 1 way 


100 

78 

149 

203 

2BB 

415 



72 

70 

68 

28 

4 

Road 

Othere 


22 

2 

24 

2 

26 

2 

27 

3 

Index of RaiIwey 
Tonne-Kilometers 


100 

145 

183 

285 

372 

CASE 11 (8Jf« i ndue trial 

growth) 






Index of Product ion 


100 

181 

260 

41 7 

673 

Index of Tota 1 Goode 
Tonne-Xilonetere 


100 

151 

232 

358 

554 

Percentage! eet mated 
to be car r ied by: 







RaiIway 

Road 

Othere 


78 

22 

2 

74 

24 

2 

72 

26 

2 

70 

27 

3 

68 

28 

4 

Index of Rai Iway 
Tonne-Kilometere 


100 

147 

220 

328 

487 

CASE III ( 10 % induetria 

1 growth) 






Index of Production 


100 

188 

317 

526 

845 

Index of Total Good! 
Tonne-Kilometer! 


too 

157 

260 

447 

693 

Percentages est iaiated 
to be carr ied by: 







Ra i Iway 


79 

74 

72 

70 

88 

Road 


22 

24 

28 

27 

28 

Others 


2 

2 

2 

3 

4 

Index of Ra i Iway 
Tonne-Kilonetert 


100 

153 

266 

412 

621 


24 



60. We have made similar estimates for pas¬ 
senger-kilometers. Railway passenger-kilometers 
have risen during the period 1950/1 to 1960/1 less 
than in proportion to net national income; the latter 
had increased by 42%, the railway passenger-kilo¬ 
meters by 17%. Total passenger-kilometers by all 
forms of transport, including also road transport, had 


increased (according to estimates given in Third 
Five Year Plan)by about 51%during the same period - 
about 1.2 times the growth of national income. If in 
future total passenger-kilometers are assumed to con¬ 
tinue to increase in that relation to national income 
the alternative trends from 1960/1 to 1980'1 may be 
estimated as follows: 


TABLE 18 


PROJECTIONS OF RAILWAY PASSENGER-KILOMETERS 

(198 0/1 - 100) 



1 980/1 

18BS/B 

1970/1 

1975/8 

1980/1 

CASE 1 (5% national income | 

National Income 

jrowth) 

1 00 

123 

162 

208 

285 

Total Passenger- 
Kilometers 


too 

128 

177 

233 

304 

Percentages est mated 
to be carr ied by 

Ra i Iways 


58 

53 

48 

43 

38 

Road 


41 

46 

51 

58 

81 

0t he r 


1 

1 

1 

1 

1 

Index of Ra i Iway 

Passenger-Kilometers 


too 

117 

147 

172 

200 

CASE II (8* national income 

National Income 

growth) 

ioH 

125 

175 

240 

321 

Total Passenger- 
Ki1ometers 


100 

130 

191 

289 

. 368 

Percentages est imated 
to ba carr ied by: 

RaiIways 


58 

53 

48 

43 

38 

Road 



48 

51 

58 

61 

Other 


1 

h n ®! 1 

1 

1 

1 

Index of Rai Iway 
Pas$enger-Kilometers 


100 

119 

159 

200 

241 

CASE III (7% national income 

National Incoma 

growth) 

100 

127 

184 

262 

389 

Total Passenger- 
Ki lometers 


100 

132 

201 

294 

423 

Percentages estimated 
to be carr ied by: 

Ra 1 Iways 


58 

53 

48 

43 

38 

Road 


41 

48 

51 

58 

61 

0t he r 


1 

1 

1 

1 

1 

Index of Rai Iway 
Passenger-Kilometers 


100 

121 

188 

217 

278 


61. A 

creases of 


weighted average of the estimated in- 
freight and passenger-kilometers shows 


the following estimated increases of total railway 
traffic and use of energy: 
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TABLE t9 

PROJECTIONS OF USE OF ENERGY BY RAILWAYS 


We ighted 

Indies* of 

Tote 1 

Traffic 

1980/1 

198 5/8 

1 970/1 

1875/8 

1980/1 

CASE 1 

100 

138 

178 

235 

317 

CASE II 

too 

139 

200 

287 

418 

CASE III 

100 

1 43 

234 

553 

513 

Assumed Energy 
Coneumpt i on pe r 
unit of Tref f ic- 
k i lone tore 

100 

96 

S6 

84 

92 

Indices of 

Energy required 
for Tract ion 






CASE 1 

100 

133 

171 

221 

292 

CASE II 

100 

136 

192 

270 

383 

CASE III 

100 

140 

225 

330 

472 


62. In estimating in terms of tonnes of coal 
replacement the probable use of energy by the rail¬ 
ways, it has been assumed that consumption per unit 
of traffic will fall by about 2% per five years. It must 
be remembered that, in making the replacement ratio 
of oil to coal 6.5, it has implicitly been assumed 
that oil will normally be used witji nearly 4 times 
the thermal efficiency of coal. Thus, in terms of 
tonnes of cool replacement, the gain in thermal ef¬ 
ficiency which may arise from replacement of steam 
by diesel operation has already been included and 
must not be counted a second time. Some allowance 


has been made, however, for marginal improvements 
that may be expected to result from better equipment, 
operation of longer and better fitted trains and the like. 

63. After consultation with the Railway Board 
and the World Bank Mission which is investigating 
the operation of the railways, we think that it is 
probably reasonable to assume for our working pur¬ 
poses the following trends in the proportions of the 
total gross tonne-kilometers of goods and passengers 
together which will be hauled by locomotives using 
different types of energy: 


TABLE 20 


ASSUNE0 

PERCENTAGES 

BY DIFFERENT 

OF TOTAL 

TYPES OF 

TONNE-KILOMETERS 

HAULAGE 



1980/1 

1 970/1 

1 975/8 

1 880/1 

Steam 

97.5 

52 

38 

27 

Diesel 

2.2 

28 

34 

40 

Electric 

0.3 

20 

28 

33 


64. On the basis of these assumptions, we have 
estimated the total use of energy by the railways 


(including energy used for purposes other than trac¬ 
tion) as follows: 
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TABLE 21 


ESTIMATED TOTAL USE OF ENERGY 
BY RAILWAYS 
(original units) 



1960/1 

1 970/1 

I 975/6 

1 980/1 

Coa1 (million tonne*) 





CASE 1 

15.5 

1 B. ♦ 

18.1 

15.9 

CASE II 

15.5 

18.1 

19.1 

20. 1 

CASE III 

15.5 

2 0.9 

22.9 

24.0 

Oil Products 





(mi 11ion tonnes ) 





CASE 1 

0.1 

0.6 

1.1 

1 .8 

CASE II 

0.1 

0.7 

1.4 

2.3 

CASE III 

0.1 

0.8 

1.7 

2.9 

Electricity (TWh) 





CASE 1 

o.e 

4.4 

7.1 

1 0.3 

CASE II 

o.a 

4.7 

8.2 

12.8 

CASE III 

0.8 

5.2 

9.6 

15.5 


65. We give in Table 22 the same estimates in terms of tonnes of coal replacement. 


TABLE 22 

ESTIMATED TOTAL USE OF ENERGY 
BY RAILWAYS 

(million tonnes of coal replacement) 


CASE 1 

1980/1 

1970/1 

1875/8 

1980/1 

Coa 1 

15.5 

16.4 

16.1 

15.9 

Oil 

0.5 

3.9 

7.1 

11.7 

Elect r ic i ty 

0.8 

3.1 

5.0 

7.2 

Tota 1 

18.8 

23.4 

28.2 

34.8 

CASE II 





Coa 1 

15.5 

jfM.-jrtf 

19.1 

20.1 

Oil 

0.5 

4.8 

9.1 

14.9 

E Isct r ic i ty 

0.8 

3.3 

5.7 

9.0 

Total 

16.8 

26.0 

33.9 

44.0 

CASE III 





Coa 1 

15.5 

20.9 

22.9 

24.0 

0i 1 

0.5 

5.2 

11.0 

18.7 

Elect r ic i ty 

0.8 

3.6 

6.7 

10.9 

Tota 1 

18.8 

29.7 

40.8 

53.8 


CONSUMPTION BY ROAD TRANSPORT 

66. In 1960/1, apart from some 50,000 tonnes 
of coal replacement used in the form of electricity 
for tramways, the whole of the energy devoted to 
road transport took the form of petroleum products. 
Making the best estimates we can of the uses of indi¬ 
vidual petroleum products by road transport rather 
than by other users of the same products, such as 
agricultural tractors, we have estimated that in 
1960 1 a total of 11.0 million tonnes of coal replace¬ 


ment (about 1.70 million tonnes of actual pet¬ 
roleum products) was consumed for this purpose. 

67. Over the seven years 1953 4 to 1960, 1 the 
consumption of energy by road transport is estimated 
to have increased by about 71%. equivalent to an an¬ 
nual average growth of 8%. In Table 23 we set out 
the trend of these years and compare the growth of 
energy consumption in roud transport with that of net 
national income and industrial production. 
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TAILS 23 


CONSUMPTION OF ENERGY IN ROAD TRANSPORT 
1853/4 to 1060/1* 

(■llllon tonnoicoal riplacessnt) 



1 853/4 

1954/5 

1955/6 

1958/7 

1057/8 

1956/9 

1 958/60 

196Q/1 

Ut! of Enorgy 









Oil products 

6.5 

6.9 

7.5 

6.2 

8.9 

9.5 

10.2 

11 .3 

Elict r Ic I ty 

0.1 

0.1 

0.1 

0.1 

0.1 

(*) 

0.1 

(»> 

Totil 

6.6 

7.0 

7.8 

8.3 

9.0 

9.5 

10.3 

11.3 

1953/4 * 100 

100 

106 

115 

126 

137 

144 

156 

171 

Not Not ionol 

Inc os* 

100 

103 

1 05 

110 

109 

116 

118 

127 

Indoi of Indus¬ 
trie 1 Production 

100 

108 

115 

124 

128 

134 

146 

161 


(a) Lata than 50,000 tonnat. 

• Including HSDO conauaption of tractora uaad in agricultura. 


68. Over the whole period of seven years, the 
volume of energy used in road transport increased by 
about 2.7 times the rate of growth of national income 
and about 1.2 times the rate of growth of industrial 
production. That is to say, there is a fairly high in¬ 
come elasticity of demand for road transportation, as 
in most countries. It must, moreover, be remembered 
that during this period there have been effective re¬ 
strictions on the freedom to acquire private auto¬ 


mobiles and that these, as well as price and income, 
have affected the demand for energy in this sector. 
In forecasting the future one is implicitly judging 
the permanence of these policies as well as the 
possible levels of effective demand. 

69. Over the period 1953/4 to 1958/9, numbers 
of motor vehicles licensed in the last quarter in¬ 
creased as follows: 


TABLE 24 

NUMBERS OF MOTOR VEHICLES LICENSED 
(thousand!) 


Private Car* 
Motor Cyc laa 
Butaa ate. 
Qooda Vahiclat 


70. The targets for the Third Five Year Plan 
included an increase of 73% in the numbers of goods 
vehicles on the road between 1960/1 and 1965/6. 
This, if it had been fully achieved, would have rep¬ 
resented an annual increase of about 8% and would 
have represented an increase in almost'exactly the 
same proportion as the target increase of the index 
of industrial production (70%). 

71. For the purposes of estimating energy con¬ 
sumption in road transport we think that it is reason¬ 


953/4 

1958/9 

% Incrti 

159.6 

225.8 

41 

30.2 

81 .7 

104 

40.3 

47.1 

17 

98.9 

14B.2 

50 


able to assume that effective demand will increase 
in future, as in the past, somewhat faster than the 
rate of growth of industrial production. The main de¬ 
mand (but not of course the whole demand) for road 
transport derives from services rendered to the modern 
industrial economy and from incomes generated in 
that modern economy. 

72. In the process of estimating the probable 
demands for railway transport we estimated the total 
goods-kilometers and passenger-kilometers and the 
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shares in each which were likely to be devoted to 
road transport. On the basis of those estimates 
we calculate the indices of road traffic as shown in 
Table 25. The estimated consumption of oil products 
in road transport in 1960/1 includes the consumption 


in private motoring. We think that it is reasonable 
to assume that private motoring (which is not a large 
part of the total fuel consumption) will increase by 
about the same proportion as other road traffic. 


TABLE 25 


ESTIMATES OF ROAD TRAFFIC 
(1060/1 - 1 00) 

1860/1 1970/1 1975/6 1980/1 


CASE I 

Goods Traffic (84.3%) 
Passenger Traffic (15.7%) 
Weighted Average (100.0%) 
CASE II 

Goods Traffic (84.3%) 
Passenger Traffic (15.7%) 
Weighted Avetage (100.0%) 
CASE III 

Goods Traf f ic (84.3%) 
Passenger Traffic (15.7%) 
Weighted Average (100.0%) 

73. In Table 26 we give estimates of the use of 
energy in road transport. We have assumed (see 
Table) some progressive reduction in the consumption 


240 

354 

527 

220 

317 

451 

236 

349 

517 

274 

437 

705 

238 

368 

546 

26B 

428 

681 

331 

550 

682 

250 

402 

629 

318 

527 

843 


of fuel per tonne-kilometer. We present the estimates 
both in terms of tonnes of coal replacement and in 
original units. 


100 

too 

too 

100 

too 

too 

100 
1 00 
100 


TABLE 26 

PROJECTIONS OF USE OF ENEROY 
BY ROAD TRANSPORT 


1 960/1* 

Mill ion Tonnes 
Coal Replacement 

CASE I 11.0 

CASE II 11.0 

CASE III 11.0 

Mil I ion Tonnes 
of Pet roleum 
Produc ts 

CASE I 1.70 

CASE II 1.70 

CASE III 1.70 

Assumed Economies 
in Fuel Use 

( 1980/1 = 100) 100 


* excluding HS00 consumption of tr 


1970/1 

1 975 yB 

1 880/1 

25.0 

36.1 

52.3 

26.3 

44.3 

86.6 

33.8 

54.5 

85.3 

3. 85 

5.55 

8.05 

4.36 

8.82 

10.60 

5.17 

6.39 

13.13 

96 

94 

82 

ort used 

in agr icul ture. 
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CONSUMPTION BY AIR TRANSPORT 


74. The consumption of petroleum products by 


air transport is estimated to have increased as follows: 


TABLE 27 

CONSUMPTION OF ENERGY 
BY AIR TRANSPORT 


(Million tonnat o 

1 953 /4 1 0 3 4/5 1 95 5 /6 1 9 5 6 /7 

0.6 0.8 0.8 0.9 

Consumption doubled in the five year period 1953/4 
to 1958/9; it increased 2 V* times in the five year 
period 1955/6 to 1960/1. We estimate, on the same 


coal replacement) 

1957/8 1958/9 1959/60 1080/1 

1.1 1.3 1.5 1.8 

basis that we have used in relation to railway trans¬ 
port, that it may continue to increase in future rather 
more slowly, approximately as follows: 


TABLE 28 

PROJECTIONS OF ENERGY CONSUMPTION 
BY AIR TRANSPORT 

(million tonnaa of coal rapiacamant) 



1 960/1 

1 870/1 

1 973/B 

1980/1 

CASE 1 

1.8 

4.8 

6.7 

B. 9 

CASE II 

1.8 

5.1 

7.7 

10.7 

CASE III 

1.8 

5.4 

8.5 

12.4 


CONSUMPTION BY WATF.R TRANSPORT 

75. Since our estimates are in general con¬ 
cerned with the internal consumption of energy in 
India we have confined our estimates in this parti¬ 
cular sector to river and canal transport and to 
coastal shipping. We have excluded international 
bunkers even when demanded by shipping of Indian 
flag on international services; the present Indian 


flag consumption by such international services is 
not large; it amounted in 1960/1 to about 3.0 million 
tonnes of coal replacement. 

76. The total energy consumption of water trans¬ 
port so defined during the years 1953/4 to 1960/1 has 
been estimated to have been approximately as follows: 


TABLE 29 

ENERGY CONSUMPTION BY WATER TRANSPORT 


(ail 1 ion 

tonnaa coal 

raplacaaant) 



1 953/4 

1057/8 

t 960/1 

Coa 1 

0.2 

0.3 

0.5 

Oil Producti 

0.4 

0.5 

0.6 

Total 

0.6 

0.8 

l.l 


77. The amounts carried in the past by water 
have not been large. But there is reason to expect 
that in future larger volumes of coal, oil, mineral 
ores and other bulk cargoes will be carried by water, 
either on rivers and canals or by coastal shipping. 
Any forecast of a considerable increase in water¬ 
borne traffic must be somewhat uncertain. But it 
should be remembered that the estimates, like those 


of railway and road traffic, are ultimately derived 
from an underlying estimate of the total tonne-kilo- 
meters to be moved. If the estimates of water-borne 
traffic prove to be too high, wc should expect the 
corresponding estimates for railway and road traffic 
to be too low and to involve at least equivalent use 
of energy to carry them. 
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TABLE 30 



PROJECTIONS OF ENEROY CONSUMPTION 

BY MATER TRANSPORT 

(million tonnaa of coal replacement) 



1880/1 

1970/1 

1 975/8 

1880/1 

CASE 1 

Coa 1 

0.5 

1.0 

2.0 

3.8 

Oil 

0.8 

1.1 

2.5 

4.6 

Tota 1 

1 .1 

2.1 

4.5 

6.4 

CASE II 

Coa 1 

0.5 

1.1 

2.5 

5.1 

Oi 1 

0.6 

1.3 

3.0 

6.1 

Total 

1.1 

2.4 

5.5 

11.2 

CASE III 

Coa 1 

0.5 

1.4 

3.1 

6.4 

Oi 1 

0.8 

1.8 

3.8 

7.8 

Total, 

1 .1 

3.0 

6.9 

14.0 


SUMMARY OF ALL TRANSPORT 

78. We summarise in terms of coal replacement 


the estimates that we have made for the 
elements of the transport sector in Table 
Figure 2: 


TABLE 3) 

SUMMARY OF PROJECTIONS 
OF 0EMN0S IN THE TRANSPORT SECTOR 

(million tonnst of cool raplacaaont) 



1 980/1 

1 970/1 

1875/8 

1980/1 

CASE 1 

Rai 1 

16.8 


28.2 

24.8 

Road 

11.0 

25.0 

38.1 

52.3 

Ai r 

1.8 

4.8 

6.7 

8.8 

Mata r 

1.1 

2.1 

4.5 

8.4 

Total 

3 0.7 

55.3 

75.5 

104.4 

CASE 11 

Rail 

16.8 

26.0 

33.9 

44.0 

Road 

1 1.0 

28.3 

44.3 

68.9 

Air 

1.8 

5.1 

7.7 

10.7 

Water 

1.1 

2.4 

5.5 

11.2 

Total 

30.7 

81.8 

91 .4 

134.8 

CASE III 

Rail 

18.8 

29.7 

40.6 

53.6 

Road 

11.0 

33.6 

54.5 

85.3 

Air 

1.8 

5.4 

8.5 

12.4 

Water 

1.1 

3.0 

6.9 

14.0 

Total 

30.7 

71.7 

110.5 

165.3 


various 
31 and 
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MILLION TONNES OF COAL REPLACEMENT 



1950/1 1955/6 1960/1 1965/6 1970/1 1975/6 1980/1 

FIGURE 2-ESTIMATES OF ENERGY CONSUMED IN TRANSPORTATION 
1953/4 TO 1980/1 
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79. Id terms of the different types of energy* mate the total demands of the transport sector ai 

first measured in terms of million tonnes of coal follows: 

replacement and then in their original units, we esti- 


TABLE 32 

SUMMARY OF PROJECTIONS 
OF OEMAND IN THE TRANSPORT SECTOR 
FOR DIFFERENT TYPES OF ENERGY 

(million tonnac of coal replacement) 



1 060/1 

1 07 0/1 

1875/8 

1980/1 

CASE 1 





Non-Coking Coa 1 
at auch (1) 

16.0 

17.4 

18.1 

19.7 

Oil Products 
as such 

13.0 (2> 

34.8 

52.4 

77.5 

Elact r ic i ty 

0.8 

3.1 

5.0 

7.2 

Total 

30.7 (2) 

SS.3 

75.5 

104.4 

CASE II 





Non Coking Coa 1 
as such *' ^ 

16.0 

19.2 

21 .8 

25.2 

Oil Products 
as such 

13.9 (2) 

30.3 

64.1 

1 00.8 

Elactr icity 

0.8 

3.3 

5.7 

9.0 

Total 

30.7 (2) 

81 .8 

01 .4 

134.8 

CASE III 





Non-Coking Coa 1 
as such (1) 

Oil Products 

18.0 

22.3 

28.0 

30.4 

13.9 (2) 

45.8 

77.8 

124.0 

as such 

Elactr icity 

0.8 

3.6 

8.7 

10.9 

Total 

30.7 (Z) 

71 .7 

11U.5 

180.3 


(in original 

units) 



Oi 1 (si 11 ion tonnss) 





CASE 1 

2.2 

5.4 

8.1 

11.9 

CASE II 

2.2 

8.0 

0.8 

13.9 

CASE III 

2.2 

7.1 

12.0 

19.1 

Elactricity (Tfh) 





CASE 1 

0.8 

4.4 

7.1 

10.3 

CASE II 

0.8 

4.7 

8.2 

12.8 

CASE III 

0.8 

5.2 

9.8 

15.5 

(1 ) 

Includes in 1880/1 about 1.3 million 

tonnes of 


coking coal. 




(2) 

Exclud ing consumption 

of agricultural 

t factors . 
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CHAPTER 6 

Forecasts Based on Sectoral Projections 

Industry 


80. In making a sectoral estimate of the use of 
energy by industry, we shall treat separately six 
large and energy-intensive industries: iron and steel; 
non-ferrous metals; fertilisers; heavy chemicals; 
cement; textiles. For the rest of industry we shall 
make a single estimate. 

81. There are certain points that must be made 
by way of general introduction. Our practical problems 
in making sectoral projections have chiefly been two. 
First, the targets for future production are, in dif¬ 
fering degrees in different industries, uncertain and 
in constant state of revision, and it has been very 
difficult to discover, in some cases, what target may 
be expec ted to be finally accepted. In the conditions 
of, say, Europe, where similar projections have been 
made, there are fairly steady patterns of growth, of 
which there is long experience, and the patterns of 
growth are reasonably stable and predictable. In India 
growth is rapid; the rate of growth that can be as¬ 
sumed as a basis for planning is still in some degree 
uncertain. Demands have in the past largely been met 
in some cases from import, and the rate of expansion 
is limited not by total growth of the market, but also 
by the possible extent of import-saving. Since we have 
wished to relate our estimates to alternative possible 
rates of growth, we have accepted most of the existing 
targets as corresponding to an average growth in 
industry as a whole of 10% per year in production 
over the whole period 1960/1 to 1980/1. In almost 
all cases we have treated the estimated targets in¬ 
cluded in the revised Perspective of Development as 
representing the levels of production in the industries 
concerned for which energy supplies should be 
planned under our Case III. We have made our own 
estimates to project the estimates made in Perspec¬ 
tive of Development from 1975/6 to 1980/1. For 
Cases I and 11 we have made estimates of levels of 
the various industries concerned which, taken to¬ 


gether with the estimate for “Other Industries”, will 
be equivalent to an average growth in all industry of 
about 7% and about 8 Yi%, respectively, and have used 
these levels as the bases for our estimates of energy 
consumption. 

82. The second general problem has concerned 
the right assumptions to be made regarding trends of 
consumption of energy per unit of product. In condi¬ 
tions outside India, there is normally a downward 
trend of some 0.5% per year in consumption of energy 
per unit of product. In India the situation is more 
complex. There is the normal trend to use energy 
more efficiently. There is also a strong trend to use 
increased horse-power per head in mechanising and 
modernising industry. We have exercised our best 
judgment after detailed examination of the recent 
trends in each individual industry. But they are often 
difficult to judge and dangerous to extrapolate. We 
hope that we have shown no particular bias here and 
that inevitable errors in different cases will in total 
have gone a long way to cancel out. We think that we 
should draw attention to the fact that some of the 
other estimates of future energy consumption that we 
have seen make little or no allowance for economy of 
energy input per unit of output. 

I. IRON AND STEEL 

83. During the past two years the production of 
iron by the five major steel plants (Rourkela, Dur- 
gapur, Bhilai, T.I.S.C.O., I.I.S.C.O.) has accounted 
for 98.2% of the national total and an even larger 
proportion of all steel. The following analysis of 
output and use of energy is confined to those five 
plants. 

84. Table 33 shows, for the five plants taken 
together, the aggregate outputs of iron and steel and 
the use of energy by them. 
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TABLE 33 

PRODUCTION OF IRON ANO STEEL 
AND USE OF ENEROY BY FIVE MAJOR PLANTS 

1058/7 1957/8 1858/9 1859/80 1980/1 1 961/2 1081/3 


(I) Production 
of Pig Iron 
(mi11 ion 


tonnes) 

1.86 

1 .85 

2.00 

2.99 

4.32 

5.07 

8.12 

(11)Production 
of Finished 
Stee 1 
(million 
tonnes) 

1.26 

1 .22 

1.31 

1.91 

2.27 

3.44 

4.36 

(III) Total Coke 
used in 

Blast 

Furnaces 
(mi 11 Ion 
tonnes) 

1.49 

1 .51 

1.81 

2.87 

4.35 

5.07 

5.60 

(IV) Total Coke 
Production 
correspond¬ 
ing to 

Blast Fur¬ 
nace Use 
(mill ion 
tonnes) 

1.70 

1 .73 

2.23 

3.40 

5.15 

5.83 

6.76 

(V) Total Coal 
corres¬ 
ponding to 
Coke used 
in Blast 
Furnaces 
(mi 11 ion 
tonnes) 

2.22 

2.23 

2.87 

4.36 

B. 74 

7.76 

8.76 


85. In the process of making our estimates of resulting from the consumption of washed coking coal 

future demand for coking coal by the steel industry, by the iron and steel industry, we set them out in 

we have had a careful investigation made into the some detail. 

technical possibilities of future economies at each 86. During the same period.of seven years the 

stage of the use of coal and coke by the iron and various relationships between coal, coke production, 

steel industry. Since these are of very considerable coke use by blast furnaces and pig iron output have 

importance, both to future demands for coking coal been as follows: 

and to the availabilities of the washery by-products 


TABLE 34 

RELATIONSHIPS OF USE OF COAL AND COKE 
TO PI6 IRON PRODUCTION IN FIVE MAJOR PLANTS 



1958/7 

1 957/8 

1958/8 

1859/80 

1960/1 

1881/2 

1SB2/3 

Coal to 

Coke Ratio 

1.31 

1 .29 

1.29 

1.28 

1.31 

1.31 

1.30 

Coke Produc¬ 
tion in Coke 

Ovens to 

Coke charged 
in Furnace 

Ratio 

1.14 

1.15 

1.17 

1.19 

1.18 

1.17 

1.17 

Blast 

Furnace Coke 
to Pig Iron 

Ratio 

0.90 

0.91 

0.95 

0.96 

1 .01 

1.00 

0.95 

Overal 1 

Ratio Coa1 
to Pig Iron 

1.34 

1 .35 

1.43 

1.46 

1.56 

1.53 

1.43 
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87. In 1962/3, it took an average of: 

(a) 0.95 tonne of 23% ash blast furnace coke, 
to produce 1 tonne of pig iron. 

(b) 1.11 tonnes of total coke to yield 0.95 
tonne of 23% ash blast furnace coke. 

(cl 1.43 tonnes of 16-17% ash coal to yield 
1.11 tonnes of 23% ash coke. 

(d) Or, in all, 1.43 tonnes of coal per tonne of 
pig iron. 

88. These overall figures represent the totals 
required to make a combination of both basic pig 
iron, from which ingot steel is made, and foundry iron. 
The latter, which represented about 20% of output in 
1962 '3, requires, because of its necessary higher 
silicon content, about 20% more coke per tonne of iron. 

89. By 1970/1, it is hoped that it will be possi¬ 
ble to improve some of these ratios. 

(a) It is hoped to reduce the present ratio 
of 0.95 tonne of coke per tonne of iron to 
about 0.80 for basic iron in 1970/1 by using 
combinations of self-fluxing sinter, washed 
and sized ore, fuel injection, enrichment 
and increased temperature of the blast, etc. 

This assumes that 23% ash coke is still 
employed and that a large scale effort is 
made immediately to introduce the latest 
techniques. The corresponding ratio for 
foundry iron would be about 0.96 tonne of 
Cuke per tonne of iron. 

(b) It may be possible to reduce slightly the 
ratio of coke produced to coke actually used 
in the blast furnace (after allowance for 
quantities put to stock) from the present 
figure of 1.17 by accepting somewhat smal¬ 
ler sizes of coke, but (see Table 34) the 
ratio has shown little change in recent years. 

(c) It is expected that the ratio of washed 
coal to coke produced will remain at 1.3 


tonnes of coal per tonne of coke; this ratio 
is chiefly determined by the amount of 
volatile matter in the coal. 

(d) As a result of all these changes, it is 
hoped that the overall coal/pig iron ratio 
will be reduced to about 1.22 for basic iron 
and about 1.49 for foundry iron by 1970/1. 

The weighted average of the two would be 
about 1.27 compared with 1.43 in 1962/3. 

90. We have adopted for purposes of our pro¬ 
jections the ratios shown in Table 35. But the Work¬ 
ing Group, which has studied these problems with 
great care and has consulted experts in the 
steel plants concerned, believes that it should be 
practicable, through the adoption of steel-making 
techniques already available, to reduce the coal to 
pig iron ratio in India below 1 tonne of coal per tonne 
of pig iron before 1980/1. This would imply a saving 
of 20 million tonnes of washed coking coal and some 
40 million tonnes of raisings of coking coal as com¬ 
pared with the projections we have made. In view of 
the very great importance to India of making steel 
cheaply and competitively and at the same time of 
conserving coking coal and reducing the surplus of 
coking-coal by-products, we think that the steel 
plants should be given very strong encouragement to 
reduce the coke /pig iron ratio below the more con¬ 
servative figures here used for purposes of our 
calculations. 

91. For the years beyond 1970/1, we have as¬ 
sumed that there will be strong continuing pressures 
to adopt all practicable measures to economise coking 
coal. We expect that the steel industry will have to 
absorb, in its payments for washed coking coal of 
16-17% ash content, a substantially larger proportion 
than at present of the total cost of mining coking coal 
and delivering it to the washery and that this in¬ 
creasing cost of coal will reinforce the already ex¬ 
isting desires to reduce the coal/pig iron ratio. We 
regard the following ratios for later years as tech¬ 
nically possible and have made our estimates on the 
assumption that they will be achieved. 


TABLE 35 

ASSUMED COAL/PIG IRON RATIOS 


1982/3 

Coal per tonne 

of Pig Iron 1.43 


92. Thus far we have been concerned wholly 
with the ratios of washed coal of 16-17% ash content 
to output of pig iron. To see the whole consequence 
of the demands of the iron and steel industry, it is 
necessary to have in mind also the ratio of the out¬ 


1970/1 1975/6 1960/1 

1.27 1.20 1.10 


turn from the washery of 16-17% ash content washed 
coal to the intake of run of the mine unwashed coking 
coal. This ratio is not determined by any such con¬ 
siderations of technical efficiency as we have dis¬ 
cussed above, but by the natural characteristics of 
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the coal itself. The available coking coal, as mined, 
contains to-day an average of about 23% ash, This ash 
is, in practice, deeply interspersed into the coal 
itself and the washery operation can serve only to 


separate those parts of the coal which are somewhat 
lower in ash content from those that are somewhat 
higher. In recent years the ratios of 16-17% ash con¬ 
tent coal to total coal washed have been as follows: 


TABLE 36 

RATIOS OF COKING COAL USUABLE BV IRON AND STEEL INDUSTRY 
TO TOTAL INTAKE TO WASHERIES 


(I) Total Intake o f 
Raw Coking Coal 
(mi I I i on t onnes) 

(II) Average Ash Content 

(III) Total Out put of 

Coking CaaI usable 
by Iron & Steel 
Indust ry 

(mi I I i on tonnes ) 

(IV) Average Ash Content 

(V) Total Output of 

Other saleable coaIs 
(Middl ing, By-products, 
etc. ) (million tonnes) 

(VI) Total of Rejects 
(m i I I i on tonnes) 

(VII) Average Ash Content 
of Mi ddl ings and 
Rejects 

(VIII) Ratio of (III) 
to (I) 

( IX) Rat io of (V) ♦ (VI ) 
to (I) 

The above figures show a surprisingly high yield 
of washed coal. They are explicable only if the ash 
content of the intaken coal was lower (which is im¬ 
probable) or if the average ash content of the washed 
coking coal was more than 17% (as has been said). 

93. The present hopes of the Department of 
Mines and Metals are that, by 1970/1, a yield of 59% 
of clean coal and 41% of by-product coal may be 
expected for every ton washed. This would imply 
that for each 10 million tonnes of clean coal suitable 
for the Iron and Steel Industry, it would be necessary 
to mine approximately 17 million tonnes of coal, and 
there would be approximately 7 million tonnes of 
middlings or by-product coals for other disposal. The 
Department also hopes to be able to supplement the 
washed coking coal from the washeries, temporarily 
at least, by using 3.3 million tonnes of unwashed 
coking coal in the coke ovens in 1970/1 and making 
a further 2.2 million tonnes of coking coal available 
to merchant cokeries in unwashed form. On this basis 
the needs of the iron and steel industry and of mer¬ 
chant cokeries can, it is hoped, be met by washing 
about 39.9 million tonnes of coking coal, yielding 
23.5 m. tonnes of washed coal and 16.4 m. tonnes of 


960/1 

1961/2 

1962/3 

2.83 

4.15 

5.90 

23% 

23 % 

23% 


2.14 

3.04 

4.24 

1 7 % 

1 7% 

17% 

0.48 

0.78 

1.08 

0.21 

0.33 

0.57 

38.7'/, 

39.4% 

38.4% 

75.6% 

73.3% 

71.9% 

24.4% 

26.7% 

28.1% 


by-products, of which it is calculated that 13.5 m. 
tonnes (excluding rejects) may be available for other 
consumption. Our further calculations for 1970/1 
make these assumptions. The Working Group, after con¬ 
siderable enquiry into these problems with the as¬ 
sistance of the Central Fuel Research Institute, 
would hesitate, however, to assume a higher yield 
of clean coal than 55%. The future trend of this ratio 
depends, as has been said, almost entirely on the 
average ash content of the coal that is likely to be 
mined in the future and on the degree of interspersion 
of the ash in the coal. They fear that, if 3.3 million 
tonnes of selected highest grade coking coal is 
supplied directly to the coke-ovens, the average ash 
content of the coal that goes to the washeries will 
be raised and bring down below 59% the washery 
yield of 17% ash content coal or increase the ash 
content of the washed coal above 17%. If the ef¬ 
ficiency of the blast furnaces is not to be impaired, 
they would expect that in the longer run, if not be¬ 
fore 1970/1, it will prove necessary to work on a 
basis of a 55% yield of washed coal, implying, in 
terms of 1970/1, the need to wash about 42.7 million 
tonnes of coal, to yield 23.5 million tonnes of washed 


38 



coal and some 19.2 million tonnes of by-products, of 
which (excluding rejects) some 16.3 million tonnes 
might he available for other consumption. They al¬ 
so feel doubtful whether it will in the event be 
practicable to use, as more than a very temporary ex¬ 
pedient, unwashed coking coal in the coke-ovens. 
If it ultimately proves necessary to wash all the 
coking coal for the iron and steel industry this will 
raise the available usable by-product coals from 16.3 
million tonnes to 19.4 million tonnes. The further 
implications of this will be discussed in Chapterll. 
The Working Group would feel that there were dangers 
in basing longer term plans, particularly for elec¬ 
tricity development too confidently on the hopes of 
higher washery yields and smaller amounts of by- 
produi Is than they expect to be practicable in the 
event. 

94. In regard to the forms of energy other than 
coking coal, it may reasonably be expected that 
Indian consumption per tonne of iron made (or cor¬ 
respondingly in steel-making and steel'rolling) will 


increase rather than diminish. The use of electricity 
in 1960/1 was 417 kWh/tonne of pig. In 1961 the 
average for the O.E.C.D. area of Europe was 620 
kWh/tonne. The Indian figure is about 15^ lower than 
the figure for Germany where conditions are more 
comparable. In recent years the consumption of elec¬ 
tricity per tonne of pig has been falling, but it is as¬ 
sumed that with more manufacture of special steel, 
in electric furnaces and more mechanisation, con¬ 
sumption per tonne will slowly increase in future. 

93. Practically no oil has been directly con¬ 
sumed in actual production processes in the major 
steel plants hitherto. We do not expect any large 
changes before 1970/1, but thereafter there may be 
considerable increases, if one of the oil products is 
injected to increase the through-put of furnaces and 
to economise scarce coking-coal. 

96, The actual consumption of energy in various 
forms by the industry in the years 1953/4 to 1960/1 
has been as follows: 


TABLE 37 

TOTAL CONSUMPTION OF ENER6Y 
BY IRON AND STEEL INDUSTRY 
1953/54 TO 1960/1 




(million 

tonnes 

of coa 1 

rep 1acement) 




1953/4 

1954/5 

1955/8 

1 956/7 

1957/8 

1958/9 

1 959/60 

1960/1 

Coking Coal 
as such 

0.8 

0.6 

0.5 

0.6 

0.7 

0.9 

0.4 

1.3 

Coke (a) 

Blast Furnace 
Gas( b > 

1.5 

1.5 

1.8 

1.7 

1.7 

2.5 

3.1 

3.6 

0. 4 

0.5 


0.4 

0.4 

0.5 

0. 7 

1 . 1 

Coke Oven Gas 

0.6 

0.6 

0. 5 

0.5 

0.6 

0. 7 

0.9 

1 .3 

Oi1 Product s 

0 . 1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.3 

0.4 

Electricity 

0.6 

0.7 

0.8 

0.8 

0.9 

1.0 

1.4 

1.8 

Total 

4.0 

4.0 

4.2 

4.2 

4.5 

5.8 

6.8 

7.5 


(a) excluding quantities estimated to have 
been transformed into blast furnace gas. 

(b) excluding quantities used in non- 
utility electricity generation. 


97. In projecting the demands for energy by the 
industry, it must be borne in mind that in the past a 
large part, of India’s requirements of steel have been 
met by import and that the future demands arise not 
only from increasing requirements of steel if the 
total industrial and investment activities are in¬ 
creased, but also from the need to reduce future de¬ 


pendence on imports of ever-increasing quantities 
and even to reduce imports below present levels in 
order to increase the capacity to import other things. 

98. The total consumption of steel in India in 
recent years, including any stock formation, has been 
as follows: 
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TABLE 38 

TOTAL CONSUMPTION OF FINISHED STEEL IN INDIA 




(mi 

1 i i on 


1954 

1955 

1956 

Indian 

Production 

I .26 

1.30 

1 .36 

Impor t 

0.21 

0.39 

0.89 

Steel Content 
of Imported 

Equ i potent 

0.46 

0.67 

0.87 

Tote 1 

1 .95 

2.36 

3.72 

1954 = 100 

100 

121 

160 


99. It wi II be seen that over this period, the 
total effective supplies of steel increased by 156%; 
over the same period the index of industrial pro¬ 
duction rose by 60%. It is, however, dangerous to at¬ 
tempt to draw any firm inferences from this relation¬ 
ship. Throughout the period, India has been short of 
steel, and this has in turn had repercussions on the 
levels of industrial production. What can more safely 
be argued is that demand had been increasing during 
this period at almost 15% per year. 

100. Present intentions are that finished mild 
steel production shall increase by 1965/6 to about 
5.8 million tonnes and by 1970 1 to about 13 million 
tonnes. The corresponding levels of production of 
pig-iron would be 7.6 million tonnes in 1965 6 and 
19 million tonnes by 1970 / 1. The delays in respect 
of Bokaroare not expected to affect the 1970 / 1 figure. 

101. The planned expansions down to 1970 1 
will imply increases of Indian steel production aver¬ 
aging about 18% per annum. The volumes of steel con¬ 
cerned can probably be absorbed at any rate of in¬ 
dustrial expansion that is probable, if imports are 
reduced and more heavy equipment is made in India. 


onnes 


1957 

1958 

1859 

1960 

1961 

1.37 

1.33 

1 .64 

2.06 

2.90 

1.67 

1.13 

1 .04 

1 .09 

1.04 

1.03 

0.76 

0. B2 

0.84 

1.05 

4.07 

3.22 

3.50 

3.99 

4.99 

209 

185 

180 

205 

256 


102. In a mature industrialised economy, such 
as the United Kingdom, steel consumption increases 
just about proportionately to industrial production. 
While the special circumstances of India are likely to 
continue to make the absorption of steel increase 
considerably faster than industrial production, some 
slowing down of the rate of growth may be expected 
as time goes on. The 1975/6 estimated requirement 
of 22.8 million tonnes of mild steel for home con¬ 
sumption and export, related to the assumed industrial 
growth of about 10% per year, is based on a detailed 
input output analysis, and can reasonably be accepted 
for that rate of growth; it show's that there is reason 
to expect continued rapid growth for some time ahead. 

103. For the purposes of our estimates, we have 
assumed, as elsewhere, three alternative rates of 
growth of the industry corresponding to the alter¬ 
natives that we have adopted throughout. We set out 
these estimates, and the amounts of various fuels 
that would be required for their production in Table 
39 below; in the case of coking coal wo have added 
to the requirements sufficient for merchant cokeries 
which produce coke for use in foundries and similar 
undertakings. 
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TABLE 36 

PROJECTIONS OF DEMANDS FOR ENERGY 
IN THE IRON AND STEEL INDUSTRY 0 ) 
(energy in million tonnes o( coal replacement) 


CASE 1 ( 1 % Oasis) 

Assumed Product ion 

Pig Iron (2) 

(mi II ion tonnes ) 


1960/1 

4.4 

1970/1 

12.7 

1975/6 

21 .7 

1980/1 

32.1 

Finished Steel 
(million tonnes) 


2.4 

8.8 

14.6 

21.6 

Use of Energy 

Cok i ng Coa 1 


7.3 

19.1 

30.9 

42.5 

0 i 1 Products 


0.4 

2.5 

4.8 

8.3 

Electricity 


1 . R 

3.8 

6.7 

10.2 

Total 


0.5 

25.4 

42.4 

61.0 

CASE 1 1 (8^%. Basis) 

Assumed Product ion 

Pig lron 0) 

(million tonnes) 


4.4 

14.S 

26.8 

42.6 

Finished Steel 
(mi 1 lion tonnes) 


2.4 

10.0 

18.0 

28.6 

Use of Energy 

Coking Coal 


7.3 

22.0 

38. 1 

56 2 

0 i 1 Products 


0.4 

2.9 

6.1 

11.1 

Electricity 


1 . 8 

4.4 

B. 2 

13.4 

Total 


9.5 

29.3 

52.4 

80.9 

CASE III (10<1 Basis) 

Assumed Product ion 

Pig Iron°^ 

(mi 1 lion tonnes ) 


4.4 

19.0 

34. 0 

55.0 

F i n i shed Steel 
(million t onnes) 


2.4 

13.0 

22.8 

37.0 

Use of Energy 

Cok i ng Coal 


7.3 

28.7 

48.3 

72.6 

0 i 1 Products 


0.4 

3.7 

7.7 

14.3 

Electricity 


1 . B 

5.7 

1 0.5 

17.3 

Total 


9.5 

38.1 

66.5 

104.2 

(1 ) including Iferchant 

Cokeries throughout: for which the 

r o1 lowing 

estimates of coking 

coa 1 

requi rements are 

inc luded: 


CASE 

1 


3.0 

4.8 

7. 1 

CASE 

11 


3.5 

5.9 

8.4 

CASE 

111 


4.5 

7.5 

12.1 


(2) the estimated production of pig iron includes that required to 
meet the demands for foundry iron as well as steel making. 
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II NON FERROUS METALS 


104. For the non-ferrous metals vve hesitate to 
rely on the very uncertain figures that we have com¬ 
puted from the past data of supplies of coal, oil pro¬ 
ducts and electricity. We prefer to tackle the pro¬ 


blems of estimating the future energy demands more 
directly. The production of non-ferrous metals has 
been increasing rapidly in recent years. We show the 
main constituents below. 


TABLE 40 



PRODUCTION 

OF NON-FERROUS 

METALS 



(mi 1 

llion tonnes) 





1950/1 

1955/6 

1960/1 

Aluminium 


.004 

. 007 

.018 

Copper, Lead 

and 2 i nc 

. 008 

. 010 

. 013 


105. The existing targets tor production, which 
we relate to 10% growth of industrial production, are 
shown in Table 41 below; we have added estimates 


for later years on the basis of the present target and 
rates of growth; 


TABLE 41 


PRODUCTION TARGETS FOR NON-FERROUS METALS 



(million 

tonnes) 




1960/1 

actual 

1 970/1 

1 975/6 

1980/1 

Aluminium 

.018 

.240 

.360 

.700 

Coppe r , Lead 
and Zinc 

.013 

.155 

.250 

.355 


106. The greater part of the energy used in the 
production of non-ferrous metals is used in the form 
of electricity. In 1960/1 the estimated use of elec¬ 
tricity in the production of aluminium was approx¬ 
imately 23,000 kWh per tonne; for copper the use of 
electricity was 4600 kWh per tonne, during the past 
ten years there has been a decrease in the coal 
coefficient. We have assumed that in the future the 


electricity coefficient will decrease about 1% per 
year; in the U.S.A., where the coefficient is cur¬ 
rently about 20% less than in India, the annual de¬ 
crease is about 0.5% a year. Thus, we assume that 
the gap will be somewhat reduced. On that basis vve 
make the following estimates of kWh per tonne in 
future years. 


TABLE 42 

ESTIMATES OF ENERGY CONSUMPTION 


PER TONNE OF PRODUCT 

ION OF N0N- 

FERROUS 

METALS 


Electricity (KWh per tonne) 

1 960/1 

1 970/1 

1 975/6 

1980/1 

Aluminium Ingots 

23,000 

20,000 

19,000 

18,000 

All Other Non-Ferrous Metals 

4,600 

4.000 

3,800 

3,600 

Coa 1 (tonnes per tonne) 





All Non-Ferrous Metals 

1.00 

0.62 

0.47 

0.38 


42 



i07- On the basis of these assumed inputs, we 
have estimated the total consumption of energy in 
the production of non-ferrous metals. The estimate for 
10% industrial growth assumes the levels of pro¬ 


duction given in Table 41. For the two other cases 
we have assumed lower production levels, correspond¬ 
ing to 7% and 8/2% industrial growth. 


TABLE 43 

PROJECTIONS OF DEMANDS FOR ENERGY 
FOR PRODUCTION OF NON-FERROUS METALS 


(million 

tonnes of 

coal rep 1 

acement) 



1960/1 

1 970/1 

1975/6 

1 980/1 

CASE 1 

(7% Growth Basis') 

Coal 

. 03 

0.1 

0.2 

0.2 

E 1 ect r i c i t y 

.48 

2.5 

3.5 

5.7 

To ta 1 

.51 

2.6 

3.7 

5.9 

CASE II 

(B%% Growth Basis) 

Coal 

.03 

0.2 

0.2 

0.3 

E 1 ac t r i c i t y 

.48 

2.9 

4.3 

7.5 

Total 

.51 

3.1 

4.5 

7.8 

CASE III 

(1 0% Growth Basis) 

Coal 

.03 

0.2 

0.3 

0.4 

E 1 ac t r i c i t y 

.48 

3.8 

5.5 

9.7 

Total 

.51 

4.0 

5.6 

10.1 


III FERTILISERS 

I OH. Of the various fertilisers manufactured, 
and lo be manufactured in India, there are two basic 
nutrients, (N and P 2 0 5 ) and only the nitrogen or 


phosphatic content of the total fertiliser produced 
is considered in measuring output or setting targets. 

109. Production in recent years has been 
as follows: 


TABLE 44 

PRODUCTION OF FERTILISERS 
1 950/1 to 19B2/3 

(million tonnes) 



1950/1 

1 955/6 

1960/1 

1961/2 

1 862/3 

Nit rogenous 






(mi 11 i on tonnes 
of N) 

.009 

.079 

. 099 

.134 

. 179 

Phosphat ic 
(mi 1 1 i on tonnes 
of P 2 0 5 ) 

.009 

.012 

.054 

. 066 

. 081 

Total 

.018 

.091 

.153 

.200 

.260 


43 



110. The targets that we have assumed for future production are as follows: 


TABLE 45 

TARGETS FOR FUTURE PRODUCTION OF FERTILISERS 


Nit rogenous 
(n 1 1 1 1 on tonnes 

(mill 

1 960/1 

ion t onnes ) 

1 970/1 

1975/8 

1980/'! 

ot N) 

0.10 

1 .75 

3.00 

5.40 

Phosphat 1 c 

(mi II i on t onnes 
of P 2 0 5 ) 

. 05 

.88 

1 . 70 

2.80 

Total 

. 15 

2.63 

4.70 

8.00 


Targets for fertilisers are, however, currently under 
discussion and proposals are being considered which 
might more than double fertiliser output in 1970'1 
and increase considerably the targets for later 
years. These proposals might make significant dif¬ 
ferences in the total consumption both of electricity 
and of petroleum products. 

111. The energy required for the production of 
nitrogenous fertilisers mav bt: divided into two 
parts: that which is used as a feedstock and that 
which is needed for steam production and the power 
requirements of the manufacturing process. The steam 
(other than that used for electricity production) is 
required mainly as a heat source The feedstock is 
used to produce NH3 and can be either gus, toul or 
oil. NH 3 can also be produced with an electrolysis 
process. In India some NH 3 is at present being pro¬ 
duced by this process; though considerably more 
expensive it can be associated with the production 
of heavy water for purposes of nuclear energy and 
research. It is reasonable to assume that the large- 
scale production of nitrogenous fertilisers will be 
based partly on the use of surplus coke-oven gas, to 
the limited extent to which this may be available, but 


principally on the use of naphtha if, as seems likely, 
Indian oil refineries have considerable amounts of 
this to dispose of; we assume thut any further energy 
requirements, including those for steam, will be met 
mainly from coal supplies. We have assumed that the 
production of electrolytic nitrogenous fertilisers will 
continue at about its present level. 

112. We have assumed that the phosphatic 
fertilisers will be made principally by treatment of 
phosphate rock with sulphuric acid. The energy re¬ 
quired for the production of the sulphuric acid is 
included elsewhere, under the head of heavy chemi¬ 
cals, and is an exothermic process resulting in a 
heat gain. We have therefore assumed that the energy 
requirements of phosphatic fertilisers are limited to 
some 450 kWh per tonne required for manufacturing 
processes. 

113. Making these technical assumptions, we 
have estimated the total energy requirements of 
fertilisers, including feedstocks, as shown in Table 
46. 'The estimates for Case III (10 c c industrial growth) 
arc based on the levels of production shown in 
Table 45. We give these estimates first in the original 
units of each of the alternative forms of energy. 


TABLE 46 

estimates of energy consumption 

IN THE MANUFACTURE OF FERTILISERS 


CASE III (1 O'; Basis) 

Coking Coal (million tonnes) 

Non-Coking coal (m. tonnes) 

Oil (m, t onnes ) 

Electricity (TWh) 0.5 

Coa I Gas (I 0® ) 

Lignite (m. tonnes) 


units) 


1 970/1 

1975/6 

1 980 

0.3 

0.3 

0.3 

1 . 6 

2.4 

3.3 

1 .2 

2.4 

5.3 

6.5 

10,6 

17.9 

0.3 

0.3 

0.3 

1 . 0 

1 . 0 

1 .0 


(in original 
I 96 0/1 

0.3 
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H i. In Table 47 we give the same estimates 
for Case III (10% Basis) in terms of tonnes of coal 
replacement. We give estimates also for the energy 
requirements of fertilisers at the somewhat lower 
levels of production which would correspond to our 
Cases I and II. To the extent that it has been possi¬ 
ble to assume the use of surplus coke-oven gas from 


the iron and steel industry we have not included 
that here, since the necessary output of coking coal 
has already been included in the estimates for that 
industry. But to that extent the figures given in 
Table 47 underestimate the total requirements of 
fertiliser production as such. 


TABLE 47 


ESTIMATES OF ENER8Y CONSUMPTION* 1} 
IN THE MANUFACTURE OF FERTILISERS 
(Million tonnes of cool replacement) 


CASE 1 (7 * Basis) 


1980/1 

1 970/1 

1 975/8 

1 980/1 

Production (1980/1 - 

100) 

too 

1080 

1950 

3310 

Coking Coal 


0.3 

0.3 

0.3 

0.3 

Non-Coking Coal 


- 

1.0 

1.5 

2.1 

Oil <2) 


- 

5.1 

9.9 

21.8 

Electricity 


0.5 

3. 0 

4.7 

7.9 

Total 


0.8 

9.4 

18.4 

32.1 

CASE 1 1 (gSs* Basis) 

Production (1980/1 

100) 

100 

1245 

2420 

4370 

Coking Coal 


0.3 

0.3 

0.3 

0.3 

Non-Coking Coal 



1.2 

1. B 

2.8 

0i.< 2 > 


- 

5.9 

12.3 

28.7 

Electricity 


0.5 

3.5 

5.8 

10.4 

Total 


0.8 

10.9 

20.3 

42.2 

CASE III (10% Basis 

Production (1980/1 : 

100) 

100 

1850 

307 0 

5230 

Coking Coal 


“Up 

0.3 

0.3 

0.3 

Non-Coking Coal 



1.8 

2.4 

3.3 

Oil (2) 


- 

7.8 

15.8 

34.4 

Electricity 


0.5 

4.6 

7.4 

12.5 

Total 


0.B 

14.3 

25.7 

50.5 

M) Esc lud ing surplus 

coa 1 

gas t roa coke- 

-ovens (see 

Table 48) 

and 

escluding 0.9a. tonnes 
years atter 1960/1. 

coal replacaaant of Itfnito in all 


(2) Mainly naphtha 
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IV HEAVY CHEMICALS 

115. The group of heavy chemicals is composed 


mainly of sulphuric acid, soda ash and caustic soda. 
Production has been as follows: 


TABLE 48 

PRODUCTION OF HEAVY CHEMICALS 

(mi I lion tonnes) 



1 950/1 

1955/6 

1960/1 

1 982/3 

Sulphur ic Acid 

.090 

.184 

.354 

.443 

Soda Ash 

.045 

.081 

.145 

.222 

Caustic Soda 

.011 

.035 

.099 

.124 

Total 

.155 

.280 

.598 

.789 


116. We have based our initial estimates on the 
following assumed production targets, which we take 
to correspond to the 10% growth basis: 


TABLE 48 

ASSUMED PRODUCTION TARGETS 
FDR HEAVY CHEMICALS 
(mil I ion tonnes) 



1 980/1 

1970/1 

1875/6 

1980/1 

Sulphuric Acid 

0.354 

3.0 

6.0 

10.8 

Soda Ash 

0.145 

0.7 

1.0 

1 .5 

Caustic Soda 

0.099 

0.8 

1.0 

1.7 

Total 

0.588 

4.3 

8.0 

14.0 


117. There are considerable difficulties in esti¬ 
mating from available data the amount of energy that 
will be required in future in this sector of industry. 
Sulphuric acid production is an exothermic process 
that yields sufficient heat to raise considerable 
amounts of steam for electric power generation. We 


have assumed that by 1970/1 all sulphuric acid pro¬ 
duction will use only the electricity it generates 
internally and that no external energy inputs will be 
required. We have therefore assumed that the con¬ 
sumption of coal and oil should be related to caustic 
soda and soda ash production alone as follows: 


TABLE 50 


ESTIMATED REQUIREMENTS OF COAL AND OIL 
FOR PROOUOTION OF HEAVY CHEMICALS 
(in original units) 


Product ion of 

Soda Ash and 
Caustic Soda 

1 960/1 

1 970/1 

1 975/6 

1 980/1 

(mi 11 ion tonnes) 

0.25 

1.3 

2.0 

3.2 

Coal Use 

(m. tonnes) 

0.3 

1.5 

2.2 

4.0 

Oil Use 

(m. tonnes) 

- 

0.4 

0.7 

1 .5 
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118. Present production plans indicate a chang- due don are internally produced we would expect the 

ing product mix in which sulphuric acid production following change in the electricity coefficient, 

is growing far faster than the other heavy chemicals. based on the needs of the other heavy chemicals: 

Since the electricity needs of sulphuric acid pro- 


TABLE 51 

ESTIMATED REQUIREMENTS OF ELECTRICITY 
FOR PRODUCTION OF HEAVY CHEMICALS 



1860/1 

1970/1 

1875/6 

1.860/1 

Production (m. tonnes) 

0.6 

4.3 

8.0 

14.0 

Use of electricity 
per Tonne (kWh) 

690 

540 

480 

578 

Total Electricity 
Consumption (TWh) 

0.4 

2.3 

3.8 

8.1 


119. If we assume that the production estimates I and II, the total energy use in heavy chemicals may 

given in Table 51 correspond to our Case III (10% be estimated (in terms of coal replacement) to he 

Basis), and make corresponding estimates for Cases as follows: 


TABLE 52 

ESTIMATED TOTAL REQUIREMENTS OF ENERGY 
FOR PRODUCTION OF HEAVY CHEMICALS 


(mi 1 1 

ion tonnes 

of coal rep 

lacemant) 


CASE 1 ( 754 Basis) 

Production Index 

1 960/1 

1970/1 

1 975/6 

1980/1 

( 1 960/1 > 100) 

100 

472 

840 

1350 

Coa 1 

0.3 

1.0 

1.4 

2.3 

Oil 

0.5 

b^JL.7 

2.9 

5.8 

Electricity 

0.4 

1.1 

1.7 

3.3 

Total 

CASE II (8V/ Basis) 

Production Index 

1 .2 

3.8 

6.0 

11.4 

(1960/1 * 100) 

100 

542 

1040 

1790 

Coa 1 

0.3 

1 .1 

1.7 

3.1 

Oil 

0.5 

2.0 

3.6 

7.6 

Electricity 

0.4 

1 .2 

2.1 

4.4 

Total 

CASE III ( 1 054 Bas i s ) 

Production Index 

1.2 

4.3 

7.4 

15.1 

(1960/1 a 100) 

100 

710 

1320 

2300 

Coa 1 

0.3 

1.5 

2.2 

4.0 

Oil 

0.5 

2.6 

4.6 

9.8 

Electricity 

0.4 

1 .6 

2.7 

9.8 

Total 

1.2 

5.7 

9.5 

18.5 
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V CEMENT 


120. Production of cement has almost doubled 
during the period 1953/4 to 1960/1. In the latter year 
it absorbed about 3'/j million tonnes of coal re¬ 


placement. Two different processes are in use: the 
wet kiln and the dry kiln. The former, though it uses 
somewhat more energy, is probably the better suited 
to Indian conditions. By 1970/1 about 90% of all 
cement will be made by the wet kiln process. 


TABLE 53 

PRODUCT I ON OP CEMENT 
AND CONSUMPTION OF ENERGY 

(energy In ml 11 i ons of tonnes of coal replacement) 


1953/4 

1954/5 

1 955/6 

1 956/7 

1957/8 

1958/9 

1959/60 

1 980/1 

Production of Cement 

(mi 1 1 i on tonnes ) 

4.0 

4.5 

4.7 

5.2 

5.8 

8.4 

7.2 

7.9 

Consumption of Energy 

Non-Colt ing Coal 

1 . 1 

1.2 

1.3 

1.4 

1.7 

1 .7 

1.8 

2.3 

Oil Products 

- 

- 

- 

- 

0.1 

0.1 

0.1 

0.2 

Electricity 

0.4 

0.5 

0.5 

0.6 

0.8 

0.8 

0.9 

0.9 

Total 

1.5 

1 .7 

1 .8 

2.0 

2.4 

2.8 

2.8 

3.4 


121. Partly because of concentration on the wet 
process, partly as the result of greater use of elec¬ 
tricity for mechanisation, the use of electricity per 
tonne of production has been increasing about 4% 
a year. 

122. Some conversion from coal to oil has been 
taking place. The rate of substitution has been 
limited by the preparedness of the Government of 
India to make oil (an import) available for this 
purpose. The manufacture of cement represents one 
of the industrial sectors in which there is rather 
likely to be increased pressure to make use of some 
of the lower grades of coal for which it is at present 
difficult to find sufficient outlets. We have assumed 
that the allocations of oil products to this industry 


will be restricted after 1965/6. So that the proportion 
of energy derived from oil declines from 45% in 
1965/6 to 30% in 1980/1. 

123- We have assumed (following the estimates 
in Notes on Perspective of Development, April 1964) 
that, on the basis corresponding to the 10% growth 
of industrial production, output of cement will in¬ 
crease about 4 Vt times between 1960/1 and 1975/6 
and about 6 % times between 1960/1 and 1980/1. We 
have assumed also somewhat lower growths of pro¬ 
duction of cement, corresponding to the assumptions 
of 7% and 8H% growths. 

124. On these assumptions, we have estimated 
the future consumption of energy in the manufacture 
of cement as follows: 


TABLE 54 

PROJECTIONS OF CONSUMPTION OF ENERGY 
IN MANUFACTURE OF CEMENT 


(million tonnes of coal raplecement) 



1980/1 

1970/1 

1 975/8 

1980/1 

CASE 1 (7* Basis) 

Product 1 on Index 

100 

191 

288 

396 

Non-Colt ing Coal 

2.3 

4.0 

5.5 

8.0 

011 Products 

0.2 

2.2 

5.0 

5.3 

Elect r icity 

0.9 

1.8 

2.9 

4.2 

Tots 1 

3.4 

8.0 

13.4 

17.5 

CASE II (8%* Basis) 

Product ion Index 

1 00 

220 

354 

524 

Non-Colt ing 

2.3 

4.8 

6.8 

1 0.8 

Oi1 Products 

0.2 

2.5 

8.1 

7.1 

Electricity 

0.9 

2.1 

3.6 

5.6 

Total 

3.4 

9.2 

16.5 

23.3 

CASE III (10% Basis) 

Product ion Index 

100 

288 

450 

675 

Non-Coking Coal 

2.3 

8.0 

8.8 

13.7 

Oil Products 

0.2 

3.3 

7.8 

9.1 

Electricity 

0.9 

2.7 

4.8 

7.2 

Tote 1 

3.4 

12.0 

21.0 

30.0 
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VI TEXTILES 

125. Though the use of energy per unit of out¬ 
put in textile manufacture is not especially high and 
the industries concerned are not, in the normal sense, 
“energy intensive”, their scale in India is so great 


that a special examination of their requirements is 
necessary. Over the past few years, the energy con¬ 
sumed by the textile industries has probably been 
approximately as follows (there is considerable dif¬ 
ficulty in estimating at all exactly the past con¬ 
sumption of oil products): 


TABLE 55 

CONSUMPTION OP ENERGY 
IN MANUFACTURE OF TEXTILES 

(million tonnas of coal raplacamant ) 


Non-Coking Coa1 

1956/7 

1 .6 

1957/8 

1 .8 

1 95 8/9 

1 .8 

1959/60 

1 .7 

1960/1 

1.8 

Oi 1 Products 

2.0 

2.2 

2.4 

2.6 

2.9 

E1 »ct r ic i ty 

2.4 

2.4 

2.6 

2.8 

2.9 

Total 

6.2 

8.4 

6.8 

7.1 

7.8 


126. The trends of consumption of coal, as 
such, per unit of product have been downward both 


in the jute and in the cotton industries. The trends of 
consumption of electricity have been upward. 


TABLE 56 

TRENDS OF ENERGY CONSUMPTION 
PER UNIT OF PRODUCT - JUTE TEXTILES 

1951 = 100 



1951 

1952 

1 953 

Jute Taut iles 




Coa 1 

too 

89 

110 

Electr icity 

100 

100 

123 




TABLE 57 


PER 

TREN0S 
UNIT OF 

OF ENERGY 
PR00UCT - 

195! = 100 

Cotton Text i las 




Coa 1 

1 00 

100 

93 

Electricity 

100 

91 

95 


127. In jute, there has been a decline of coal 
consumption per unit of product of almost 10% per 
year; there has been an increase of consumption of 
electricity per unit of product by about 6H% per year. 
In cotton, the trends have been less strong: the down¬ 
ward trend of coal consumption per unit in the earlier 
years did not continue during the last four years 
covered by the figures; this may possibly have been 
due to a changing “product mix” and more activity 
in the finishing sections which are large users of 
low-grade heat. The increase in electricity con¬ 
sumption per unit of product averaged about 4 % per 
year over these years. 

128. The production of mill-made cotton textiles 
is estimated in the revised Perspective of Develop- 


1954 

1955 

1956 

1957 

1 958 

82 

77 

70 

70 

52 

117 

125 

120 

145 

157 


CONSUMPTI ON 
COTTON TEXTILES 

65 89 93 69 89 

105 110 114 110 123 

ment to increase by about 2.1 times during the period 
1960 7 1 to 1973 6 - from 4.6 billion metres to 9.5 
billion; that of artificial silk materials bv about 7 
times - from 43 to 300 tonnes. The production of 
woollen textiles is estimated to increase 10 times. 
During the same period total consumers’ expenditure 
was assumed to increase about 2.3 times. In terms 
of consumption per head, that of cotton textiles is 
estimated to increase by about 75% and consumption 
generally by 63%; an expenditure elasticity for cotton 
goods of about 1.2, which in Indian conditions is 
what one would expect. Production of jute manu¬ 
factures, less closely related to Indian consumption, 
is expected to rise about 80%. 
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129. In the light of the recent trends of energy 
consumption per unit of output in textiles we think 
it is reasonable to assume the following coefficients 
of energy consumption in future . Coal consumption per 
unit of output is assumed to fall; electricity con¬ 
sumption per unit is expected to rise with increased 
electrification; oil consumption per unit of output is 
expected to remain little changed, with total oil 


consumption rising about proportionately with output. 
Re assume that, in total, energy consumption per unit 
of output will'change little - the economies in the 
use of energy being offset by somewhat greater 
mechanisation and a rathfer higher ratio of heat¬ 
using finishing processes to total production. In 
Table 58 we set out the assumptions that have been 
made regarding the energy inputs per unit of output. 


TABLE 58 

ESTI MATEO COEFFICIENTS OF ENERGY USE 
PER UNIT OF OUTPUT IN TEXTILES 
(1960/1 - 100) 



1980/1 

1970/1 

1 975/8 

1 980/1 

Coa 1 

1 00 

76 

66 

58 

Oil 

100 

100 

100 

100 

Electricity 

1 00 

143 

171 

208 


130. On the basis of these estimates of con¬ 
sumption per unit and of the estimates of volumes 
of production included in the revised Perspective of 
Development we have calculated the probable con¬ 


sumption of energy in our Case III (10% basis). We 
have made corresponding estimates for Cases I and II. 
The estimates are given in Table 59 below: 


TABU 58 

PROJECTIONS OF EfERGY CONSUMPTION 
IN THE TEXTILE INDUSTRIES 
(million tonnes of cool roplocomont) 

CASE I (7% Basis) 198 0/1 19 70/1 1975 /6 1 960/1 

Assumed Indices of 

Production of Textiles 100 115 129 149 


Energy Coniumpt Ion 


Coa 1 

1.8 

1.8 

1.6 

1.6 

01 1 

2.9 

3.3 

3.7 

4.3 

Electricity 

2.9 

3.3 

4.4 

6.2 

Total 

7.6 

8.2 

8.7 

12.1 


CASE II (8*» Bails) 


Assumed Indices of 


Product ion of Text i las 

1 00 

125 

159 

197 

Ene rgy Consumpt I on 

Coa 1 

1.8 

1 .7 

2.0 

2.1 

Oi 1 

2.9 

3.6 

4.6 

5.7 

Electricity 

2.9 

3.8 

5.4 

8.2 

Tota 1 

7.6 

8.9 

12.0 

16.0 

CASE III (10S Basis) 

Assumed Indices of 

Product ion of Textilas 

1 00 

143 

202 

253 

Energy Consumption 

Coa 1 

1 . 8 

2.0 

2.5 

2.7 

01 1 

2 . 9 

4.1 

5.7 

7.3 

Electricity 

2.9 

4.1 

6.8 

10.5 

Tota 1 

7.6 

10.2 

15.0 

2 0.5 
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VII OTHER INDUSTRIES 


131. There remain for consideration the industries 
other than the six large and energy-intensive in¬ 
dustries that we have separately considered. The 
most important of these are the groups of engineer¬ 
ing industries, some of which are “energy intensive” 
and the group of structural clay, pottery, glass and 
brickmaking. Because of limitations of evidence and 
the probable future changes of “product mix”, which 
are difficult to estimate in sufficient detail, we have 
preferred to deal with these within the single group 


of other industries. 

132. During the four years that we have been 
able to analyse in detail, these “other industries” 
would appear to have absorbed about two-fifths of 
the total energy used in the whole of Indian in¬ 
dustry. Owing to difficulties of allocating the con¬ 
sumption of oil products to individual industries 
there is some uncertainty about the estimates for 
the earlier years. In Table 60 we show the probable 
trends over the four years 1957/8 to 1960/1. 


TABLE BO 

CONSUMPTION OF ENERGY 
IN “OTHER INDUSTRIES” (,) 


(million tonnes of coal replacement) 



1857/8 

1858/9 

1959/80 

1 880/1 

Total Energy used 
in All Industr ies 

2B.4 

30.9 

32.1 

38.5 

Energy consumed in 
“Other Industries" 

Tota 1 

13.2 

1 3.5 

12.8 

15.5 

Of which; Coal 

B.2 

8.0 

4.4 

5.0 

Oil Products 

4.0 

4.0 

4.5 

5.9 

Electricity 

3.0 

3.5 

4.0 

4.6 

Ratio of Consumption of 
“Other industries" to 
All Industries (») 

47 

44 

40 

40 


(1) Also including structural 
and mining and quarrying. 

clay product 



133. The six industries already considered 
represent, in terms of the index of industrial pro¬ 
duction, about 48% of the total weights of all in¬ 
dustry. Their average annual rate of growth, in the 
cases corresponding to 10% total assumed growth of 
all industry (Case III), is 10.6%. The remaining 
“other industries”, representing 52% of all industry, 
would in these circumstances require to grow by an 
average of about 9.4% per year. For the case corres¬ 
ponding to the 10% total growth of industry as a 
whole that rate has been assumed for all “other 
industries”. In the cases corresponding to an as¬ 
sumed 7% growth of all industry (Case I), the average 
annual rate of growth of the separately treated in¬ 
dustries is assumed to be 7.7%. The corresponding 


average growth of“other industries”would be about 
6.5%; that rate has been assumed again for the esti¬ 
mation of energy demand in this case in all "other 
industries”. The comparable rates in Case II are 
9.2% for the selected industries and 8.0% for “other 
industries”. 

134. It is impossible to make detailed tech¬ 
nical judgments of the probable trends in the division 
of demand between different energy sources for the 
whole group of “other industries”. A continuation 
of the trends of 1957/8 to 1960/1 away from the 
direct use of coal and towards greater use of oil 
products and electricity is expected. The following 
percentage divisions of the total energy consumption 
in other industries have been assumed. 
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TABLE 01 


ASSUMED 

DISTRIBUTION 

OF ENER9Y 

CONSUMPTION 


IN “OTHER 

INDUSTRIES** 

BETVEEN SOURCES OF E ICR BY 



(percentages) 



CASE III 

1900/1 

1970/1 

1075/0 

1900/1 

Coa 1 

32.3 

24.0 

20.0 

15.0 

Oil 

30.1 

41.0 

43.0 

45.0 

Ilsetrloity 

29.6 

30.0 

37.0 

40.0 

Total 

100.0 

100.0 

100.0 

100.0 


135. On these bases the following estimates of energy demand in “other industries have been made 

TABLE 02 

PROJECT I ON OF CONSUMPTION OF ENER0Y 
IN “OTHER INDUSTRIES'* 

(Billion tonnot of coal replacewent) 



1900/1 

1970/1 

1 975/B 

1980/1 

CASE 1 (7# Brosth) 





Tatal Centunpt1 on 
el Energy 

15.5 

27.3 

39.8 

54.8 

If which: 





Coal as such 

5.0 

0.5 

8.0 

8.2 

Oil Product! 

5.9 

11.2 

17.1 

24.8 

Elect r ic i ty 

CASE II (8** Srowth) 

4.8 

9.8 

14.7 

21.8 





Total Coneunption 
#1 Energy 

15.5 

31 .0 

49.1 

72.2 

01 which: 





Coal as such 

5.0 

7.8 

9.8 

10.8 

Oil Products 

5.9 

13.1 

21 . 1 

32.5 

Elect ric i ty 

4.0 

11.1 

18.2 

28.9 

CASE III (10* Orowth) 





Total Consusptlon 

of Energy 

15.5 

35.5 

80.9 

93.5 

Of which: 






5.0 

0.5 

12.2 

14.0 

Oil Products 

5.9 

14.8 

28.2 

42.1 

Eisct r ic i ty 

4.8 

12.4 

22.5 

37.4 
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SUMMARY - Al,I, INDUSTRY 

13o. We now summarise all our estimates of 
industrial consumption of energy. For convenience 


we bring together all the estimates made on the 
three different assumed rates of growtii in separate 
tables: 


TABLE 63 

TOTALS OF PROJECTIONS OF ENERGY CONSUMPTION 
IN INDUSTRY 

(million tonnes of cosl replacement) 

1960/1 1970/1 1 975/6 1 880/1 


CASE 1 

Assumed 7'/. Growth 
ot Industrial 

Product ion 

Iron and Stee 1 

9.5 

25.4 

42.4 

61.0 

Non-Ferrous Metals 

0.5 

2.6 

3.7 

5.9 

Fort i 1 isers 

0.8 

9.4 

16.4 

32.1 

Heavy Chemicals 

1.2 

3.8 

6.0 

11.4 

Ceme nt 

3.4 

8.0 

13.4 

17.5 

Text i 1 es 

7.6 

8.2 

8.7 

12.1 

Other Industries 

15.5 

27.3 

39. 8 

54.6 

Tot a 1 

38.5 

84.7 

131.4 

194.8 

CASE 1 I 

Assumed 6%% Growth 
of Industrial 

Production 

Iron and Steel 

9.5 

29.3 

52.4 

80.7 

Non-Ferrous Metals 

0.5 

3.1 

4.5 

7.8 

Fe r t i1 ise rs 

0. 8 

10. 9 

20.3 

42.2 

Heavy Chemicals 

1.2 

4.3 

7.4 

15.1 

Cement 

3.4 

9,2 

10.5 

23.3 

Text i les 

7.6 

8.9 

12.0 

16.0 

Other Industries 

15.5 

31 .8 

49.1 

72.2 

Total 

38.5 

97.5 

1 82.2 

257.3 

CASE 11 1 

Assumed 10'/, Growth 
of Industrial 

Product i on 

Iron and Steel 

9.5 

38.1 

68.5 

104.2 

Non-Ferrous Metals 

0.5 

4.0 

5.8 

10.1 

Fertilisers 

0.8 

14.3 

25.7 

50.5 

Heavy ChemicaIs 

1 .2 

5.7 

9.5 

18.5 

Cement 

3.4 

12.0 

21 .0 

30.0 

Tex tiles 

7.0 

10.2 

15.0 

20.5 

Other Industries 

15.5 

35.5 

60. 9 

93.5 

Total 

38.5 

119.8 

2 04.4 

328.3 
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MILLION TONNES OF COAL REPLACEMENT 



1950/1 1955/6 1960/1 1965/6 1970/1 1975/6 1980/1 

FIGURE 3-ESTIMATED DEMAND FOR ENERGY IN INDUSTRIAL 
SECTOR 
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TABLE 64 

SUMMARY OF PROJECTIONS OF DEMANOS IN 
INDUSTRY FOR DIFFERENT TYPES OF ENERGY: 
(Million tonnai of coal roplaeoMont) 


CASE I 

7* Or oath Baa I a 

1960/1 

1970/1 

1975/8 

1 980/1 

Coking Coal aa auch 

(a) 8.4 

19.4 

31.2 

42.8 

Non-Coking Coal 
aa auch 

8.6 

14.2 

18.2 

22.6 

Oil Producta 

9.9 

26.0 

43.4 

70.1 

Electricity 

11.6 

25.1 

38.6 

59.3 

Total 

38.5 

84.7 

131.4 

194.8 

Oil Producta 
CorlginalUnita) 

1.5 

4.0 

8.7 

10.8 

Electricity (TWh) 

11.8 

35.9 

55.1 

84.9 

CASE II 





8fc* Growth Baaia 





Coking Coal 
aa auch (a) 

8.4 

22.3 

38.4 

56.5 

Non-Coking Coa1 
aa auch 

8.8 

18.4 

22.4 

29.7 

Oil Producta 

9.9 

30.0 

53.8 

92.7 

Electricity 

11.8 

28.8 

47.8 

78.4 

Total 

38.5 

97.5 

182.2 

257.3 

Oil Producta 
(originalUnita) 

1 sfr 

4.8 

8.3 

14.3 

Electricity (TWh) 

11.8 

42.6 

87.9 

112.0 






CASE lit 





10* Growth Baaia 





Coking Coal 
aa auch (a) 

8.4 

29.0 

48.6 

72.9 

Non-Coking Coal 
aa auch 

8.8 

19.8 

28.2 

38.1 

Oil Producta 

9.9 

36.1 

B7.6 

117.0 

Electricity 

11.8 

34.9 

80.0 

90.3 

Total 

38.5 

119.6 

204.4 

328.3 

Oil Producta 
(origlnalunita) 

1 .5 

5.8 

10.4 

18.0 

Electricity (TVh) 

11.8 

49.9 

85.8 

129.0 


(a) Vathad coking coal of 16-17* aah content. 
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CHAPTER 7 

Energy Use in Agriculture 


137. Agriculture has absorbed in India hither¬ 
to relatively small amounts of commercial energy. 
The main sources of energy, other than human effort, 
have, of course, been provided by animals and by 
the non-commercial sources of energy. The use of the 
latter has been included in our estimates of the do¬ 


mestic sector. In recent years there has, however, 
been an appreciable increase in the consumption of 
commercial forms of energy. The total rose from about 
1.7 million tonnes of coal replacement in 1953/4 to 
about 3.1 million in 1960 1. The recent trend is 
shown in Table 65. 


TABLE 6! 

USE OF COMMERC IAL ENERGY IN AGRICULTURE 
(Million tonnas of cool rap I acament) 


Pat tola urn 

1SB3/4 

1954/5 

1955/8 

Products as 
such. 

1.3 

1 .4 

1 .5 

Coal as such 

0.2 

0.2 

0.3 

E lact r ic i t y 

0.2 

0.2 

0.3 

Total 

1.7 

1 .8 

2.1 

1. It will be 

seen that 

over this 

period the 


use of petroleum products has increased by about 
60%; the use of electricity has increased four-fold 
The amount of coal required as such rose temporarily 
but has declined to about the original level. The 
total consumption has risen by about 80%, equivalent 
to about 9% a year. 

139. In the future we must expect a continuation 


1956/7 

1957/58 

1958/9 

1959/80 

1 980/1 

! .7 

1.9 

2.0 

2.0 

2.1 

0.3 

0.3 

0.4 

0.3 

0.2 

0.3 

0.6 

0.6 

0.7 

0.8 

2.3 

2.6 

3.0 

3.0 

3.1 

of much the same 

trend as 

tractors come 

into some 


what more general use and electricity becomes 
available and more generally used for pumping and 
irrigation. 

140. We believe that it may be proper to assume 
that agricultural use of commercial energy will in¬ 
crease approximately as follows: 


TABLE 66 


PROJECTED USE OF COMMERCIAL ENERGY 
IN AGRICULTURE 


(Million tonnes of coal raplacamsnt) 


Patrol a us 

1960/1 

1 870/1 

1975/6 

1 980/1 

Products as such 

2. 1 

5.6 

8.7 

12.9 

Coal as such 

0.2 

0.2 

0.2 

0.2 

Electricity 

0.8 

3.9 

8.1 

9.1 

Tota 1 

3.1 

9.7 

15.0 

22.2 
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MILLION TONNES OF COAL REPLACEMENT 



FIGURE 4-ESTIMATED DEMAND FOR ENERGY IN 
AGRICULTURE I9S3/4 TO 1980/1 


si 




141. We have not thought it proper to make 
alternative assumptions for different rates of growth. 
Indeed one might very well see a more active policy 
to mechanise agriculture if it turned out that agri¬ 
cultural production was lagging and reducing the. 


national growth rate. 

142. The regional distribution of energy con¬ 
sultation in agriculture in 1960/1 is shown in Table 
67. 


TABLE 67 

REBIONAL DISTRIBUTION OP ENERBY USE 
IN A6RICULTURE 
1 SB0/1 

(Billion tonnti coal rsplacaaent) 



Non-coking 
Coa 1 

Oil 

Products 

Electricity 

Total 

All India 

0.18 

2.01 

0.64 

3.04 

Eastern 

0.02 

0.20 

0.02 

0.24 

Northa rn 

0.10 

0.26 

0.08 

0.44 

Cant ra 1 

0.07 

0.38 

0.20 

0.66 

Vettarn 

- 

0.58 

0.04 

0.63 

Southern 

- 

0.44 

0.50 

0.84 

Astas 

- 

0.13 

— 

0.13 


143. For purposes of our estimates we have quirements in agriculture in 1970/1 will be ap- 

assumed that the regional distribution of energy re- proximately as follows: 


TABLE 68 

ESTINATED RESIONAL DISTRIBUTION 
OF ENERBY USE IN ABRICULTURE 
1970/1 

(Billion tonnoo coal raplacasant) 



Non-coking 

Coa I 

Oi i 

Products 

Elsctr ic ity 

Tots 1 

All India 

0.20 

5.60 

3.80 

8.70 

Eastern 

0.02 

0.64 

0.11 

0.77 

Northern 

0.10 

0.65 

0.45 

1.40 

Cant ra 1 

0.08 

1.02 

1.01 

2.11 

Western 

- 

1.83 

0.18 

2.01 

Southern 

- 

0.65 

2.15 

3.00 

Assan 

— 

0.41 

— 

0.41 
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CHAPTER 8 
The Domestic Sector 


I. RECENT TRENDS 


144. The domestic sector presents quite ex¬ 
ceptional problems, both in terms of forecasting and 
in terms of the practical solutions of energy supply. 

A verv large proportion of all the energy consumed 
in this sector (in terms of the replacement ratios that 
we have used, as much as 88% in 1960/1) comes from 
the great traditional noncommercial sources of energy 
- cow-dung, firewood and vegetable waste. And re¬ 
garding these sources, the statistical evidence has 
in the past been very insufficient. 

145. Fortunately, as it turns out, for our Survey, 
a large inquiry recently conducted ’by the National 
Council of Applied Economic Research into the ex¬ 
penditures and savings of rural families has brought 
together a great deal of important information re¬ 
garding the amounts of various fuels used and the 
expenditures on them, where they were not freely 
available , by a stratified sample of about 9000 rural 

TABU 69 

ESTIMATES OF RECENT TRENDS 
OF OOMESTIC CONSUMPTION OF ENERBY 

1953/4 1958/9 1960/1 1962/3 

Commercial Sourest 


Oil Product* 

((Million tonnes) 

I .2 

1.7 

2.0 

2.4 

Sol t Coke (Mill ion 
t onnes) 

GRsP’ 

2.1 

1.9 

1 .7 

Electricity (TWh) 

Non-Commercial Sources 

Firewood and Charcoal (a) 

0.7 

1.2 

1.5 

1.7 

(Mill ion tonnes) 

Oung Cakes (Mi 1 lion 

88.3 

92.7 

100.0 

101 .6 

t onnat) 

Bette Products 

4B . 4 

52.7 

54.0 

54.9 

(Mi 11 ion tonnes ) 

28.4 

29.9 

30.7 

31.1 


(a) Charcoal in terme of firewood to produce it. 


households, distributed over the whole of India. We 
have made great use of-the results of that inquiry, 
as well as of an earlier inquiry, made by the same 
body, into the energy consumption of families in the 
three largest cities - Delhi, Bombay and Calcutta. 

146. This rural sample inquiry has revealed a 
much larger dependence of rural households on fire¬ 
wood and a somewhat smaller dependence on cow- 
dung than has usually been assumed in the past. The 
longer-term implications of this, which we Bhall con¬ 
sider later, are fully as serious as those which had 
been posed by the slightly greater assumed dependence 
on cow-dung. 

147. In Table 69 we present the best estimates 
that we can make on the basis of the available data 
of the use of commercial and non-commercial sources 
of energy for domestic purposes. We give these first 
in the original units of the energy sources concerned. 


148. In Table 70 we present the same data in 
terms of millions of tonnes of coal replacement. In 
order that, in the literal sense of the words, the 
amounts of coke or kerosene shall be those which 
would replace in actual practice the amounts of 
firewood or dung concerned, the replacement ratios 


take account of the different types of stove normally 
used and of the different thermal efficiencies with 
which the different fuels are normally consumed. The 
replacement ratios that we have used for the non¬ 
commercial sources of energy are based on the 
amounts of each non-commercial fuel required to re- 
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place a tonne of coke and on the amount of coal re¬ 
quired to make that coke. The ratios employed have 
been as follows: 


1 tonne of soft coke 

1 tonne of dried dung 

1 tonne of firewood 

1 tonne of waste 
products 


requires for manufacture and 
thus = 1.50 tonnes of coal 
replaces 0.27 tonnes of soft 
coke = 0.40 tonnes of coal 
replaces 0.63 tonnes of soft 
coke - 0.95 tonnes of coal 
replaces 0.63 tonnes of soft 
coke = 0.95 tonnes of coal 


1 tonne of kerosene replaces 4.33 tonnes of soft 

coke = 6.50 tonnes of coal 

149. Table 70 thus presents the same data as 
was included in Table 69 in terms of tonnes of coal 
replacement. It will be seen that, of the total of 
energy used in the domestic sector in 1962/3, about 
57% was represented by firewood, about 13% by dung 
cakes, and about 18% by waste products. The newer 
sources of commercial energy represented only about 
12% in total; kerosene accounted for about 9% and 
domestic use of electricity for only 1%. 


TABLE 70 

ESTIMATES OF RECENT TRENDS 
OF DOMESTIC CONSUMPTION OF ENERGY 
(Million tonnes of coal replacement) 


Commercial Sources 

1953/4 

1 958/9 

1880/1 

18B2/3 

Oil Products 

7.7 

10.7 

12.8 

15.7 

Soft Coke 

2.2 

3.1 

2.6 

2.6 

Electricity 

O.Lfjg 

gk^l.2 

1.5 

1.7 

Total 

Non-Commercial Sources 

Firewood and Char¬ 

10.6 

15.0 

17.2 

20.0 

coal (a) 

82 

86.3 

95.3 

96.8 

Dung Cakes 

iB.oIjnj 

21.1 

21.8 

22.0 

Waste Products 

2 5 

28.4 

29.2 

29.6 

Tota 1 

123lfe 

137.8 

140.1 

14B.4 

Grand Total 

138.5-j. 

Utf.8 

183.3 

188.4 

(a) Charcoa1 

in terms of 

f i rewood t o 

produce it. 



150. It is of very great practical importance to 
be able to judge what has been happening in recent 
years to domestic consumption as a whole and to its 
composition. It has commonly been said that kerosene 
has in recent years been largely substituted for the 
non-commercial forms of energy. 

151. Regarding recent trends of consumption of 
domestic energy there are no satisfactory direct 
statistical data. There are no earlier inquiries, com¬ 
parable to those that we have used, which can throw 
certain light onto the trends. We do, however, have 
known data for the past nine years of the consumption 
in the domestic sector of the various commercial 
fuels - soft coke, kerosene and electricity. From their 
variations and from reasonable assumptions regarding 
the total consumption in the domestic sector, certain 
inferences can be drawn. 


152. In Annex 1 we have set out in more de¬ 
tail the attempts that have been made to analyse the 
probable trends. Two alternative assumptions have 
been made: first, that total consumption of energy per 
head in the domestic sector has remained constant 
throughout the past nine years and total consumption 
has risen only in proportion to the increases of 
population; second, that the consumption per head in 
the domestic sector has risen by about 454% during 
the nine year period - a rate that would about corres¬ 
pond to the income elasticity disclosed in the survey 
of energy consumption in the big cities. 

153. The latter assumption seems to us the 
more probable one, and the estimates based on it 
have been used in our further analysis. It is supported 
by the following considerations. Even today, in the 
areas covered by the rural survey and corresponding 
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to the consumption habits of 365 millions out of the 
total population of about 445 millions in 1962/3, less 
than 4% of all kerosene bought was used for cooking; 
in the big cities, taken as a group (and greatly in¬ 
fluenced by the widespread use of kerosene for cook¬ 
ing in Bombay), about 60% of kerosene bought in 
1958, when that survey was made, was bought for 
cooking; but the total for the country represented 
only about 9% of all kerosene sold. Thus the greater 
part of the increase of 73% in consumption per head 
of kerosene and almost the whole of the 106% increase 
of the consumption per head of electricity since 
1953/4, represented an addition to expenditure on 
lighting or on fans, air-conditioning and the like and 
not a substitution for the use of non-commercial 
j^els in cooking. One can at the same time set an 
upper limit to the probable increase of domestic con¬ 
sumption per head. The increase of consumption of 
kerosene and electricity beyond that necessary to 
balance tft 6 growth of population would represent an 
increase of t* little over 7% in energy consumption 
per head. A part of this, however, was almost cer¬ 
tainly used to re place non-commercial energy for 
cooking; thus the net increase of all consumption 
per head in all forms of energy, commercial and non¬ 
commercial, was likeF to have been less than 7%. 

154. On the basis of these estimates, total 
consumption of energy l n the. domestic sector is 
calculated to have incrc? se< l over the nine years 
1953/4 to 1962/3 by about 31.8 million tonnes. Of 
this, 9.4 million tonnes repr esen ts the increased con¬ 
sumption of commercial fuel 8 * 8.0 million of this, as 
measured in tonnes of coal replacement, has taken 


the form of kerosene, (which has increased its share 
in the total market from 5.6% to 9.7%). At the same 
time there would appear to have been a large increase, 
estimated at 22.4 million tonnes, in the consumption 
of non-commercial fuels. These have probably cover¬ 
ed, that is to say, a little over two-thirds of the 
total increase. Any “substitution” of kerosene for 
non-commercial fuels has taken place only in the 
somewhat esoteric sense that the share of kerosene 
in the growing market is greater; it has not implied a 
reduction of the probable consumption of non-com¬ 
mercial fuels - far from it. 

155. The consumption patterns of the rural and 
urban areas are markedly different. There are at the 
same time wide differences between different parts 
of the country. The rural areas depended in 1962/3 
to the extent of 91% on non-commercial fuels; the 
biggest cities depended only to the extent of one- 
third on non-commercial fuels and to the extent of 
two thirds on commercial fuels; the smaller towns, 
about which less information is available, probably 
consumed about one fifth of their energy in com¬ 
mercial forms and four-fifths in non-commercial. 

156. In terms of the differences between urban 
and rural consumption, our estimates for 1962/3 show 
the following patterns; we must emphasise that the 
pattern of consumption in the smaller towns is very 
much a matter of surmise, built on the known totals 
for the commercial fuels and the probable consump¬ 
tion per head that is consistent with the average of 
the rural areas on the one hand and the big cities on 
the other. 


TABLE 71 

ESTIMATED DOMESTIC CONSUMPTION PATTERNS 
IN URBAN AND RURAL AREAS 
1962/3 


^Million tonnes of cool replacement) 


Delhi 

Bom^y 

Celc u,t> 


Other Rural 
Urban Areas 
Areas 


Total 


Commercial Fuels 


Kerosene 

f .20 

?9.9 

3.80 

13.9 

10.70 

7.8 

15.70 

9.3 

Soft Coke 

0.90 

22.4 

« 40 

1.5 

1.30 

0.9 

2.80 

1 .6 

Electricity 

0.58 

<4.5 

0.88 

3.3 


0.2 

1 .70 

1.0 

Total 

2.68 

65.8 

5.09 

18.7 

12.23 

*.t 

20.00 

11.9 

Non-Commercial Fuels 









Fi rewood & Charcoal 

1.25 

31.2 

14.18 

51.9 

81.33 

59.4 

98 .78 

" 7.4 

Dung Cakes 

0.04 

1.0 

3.42 

12.5 

18.50 

13.5 

21.98 

13. i 

Waste Products 

0.04 

1.0 

4.62 

18.8 

24.98 

18.2 

29.82 

17. p 

Total 

1 .33 

33.2 

22.22 

81.3 

124.79 

91.1 

1,48.3# 

88.1 

Grand Tote 1 

4.01 

1 00.0 

27.31 

100.0 

137.02 

100.0 

188.34 

100.0 

Consumpt ion 









per Head^ 1 ^ 

0.41 


0.39 


0.38 


0.38 



(tonnes) 


(1) For purposes of international comparison it may be 
useful to have in mind that, on the basis of the 
normal measurements of ths kilocalorie content of 
all fuels concerned, and in farms also of coal with 
the average kilocalorie content of 7000 kcal/kg, 
used in the O.E.E.C. Report TOWARDS A NEW ENERGY 
PATTERN IN EUROPE, the average domestic consumption 
per head may be estimated to be as follows in terms 
of primary energy requirements; 


big cities 

other urban areas 
rural areas 
ail Ind ia 


0.24 tonne 
0.29 tonne 
0,26 tonne 
0.26 tonne 
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157. There are wide differences also between 
the different regions. In Table 72 we present the best 


estimates we can make of the regional distribution 
of domestic consumption in 1960/1. 


TABLE 72 

REGIONAL DISTRIBUTION OF ENERGY CONSUMPTION 
IN THE DOMESTIC SECTOR 
I 960/1 


(Million tonnes of coal replacement) 


Regions 

Cok ing 

Coa 1 

Non- 

Coking 

Coa 1 

Oil 

Produc ts 

Elec¬ 

tricity 

F i rewood 

Oung 

Cakes 

Waste 

Products 

Total 

All India 

I .31 

1.56 

12.90 

1.50 

95.30 

21 .80 

29.20 

163.37 

Eas te rn 

0.80 

0.93 

2.66 

0.42 

21.90 

4.54 

6.60 

37.84 

Northern 

0.23 

0.30 

1 .09 

0.21 

1 0.20 

3.05 

3.20 

18.28 

Centra 1 

0.12 

0.15 

1.82 

0.17 

1 7.80 

7.34 

7.10 

34.50 

Western 

0. 15 

0.16 

3.65 

0.33 

15.70 

2.26 

4.00 

26-25 

Souths rn 

0.01 

0.01 

3.14 

0.36 

25.50 

4.19 

7.40 

do. 61 

Assam 

— 

0.01 

0.52 

0.01 

4.20 

0.22 

0.90 

5.88 

158. It will 

_i . i_ _ 

be seen 

from Tabl 

_ r _j - 

e 73 that 

r . t__• 


pends heavily 

in kerosene 

f° r Looking. 

The E 


general the consumptions per head ot the various 
regions lie fairly close - in some cases very close 
indeed - to the national average. Only the Western 
Region, and the small Region of Assam, are at all 
considerably above the average. Only the Central 
Region is at all notably below the average. The dif¬ 
ferences between the rest are within the probable 
errors of the estimates themselves. The regions 
differ appreciably, however, in their dependence on 
commercial energy. At the top of the scale is the 
Western Region, which i n and around Bombay de¬ 


but. somewhat surprisingly, j s not high in its total 
use of energy. At the bottom of the scale is the 
Southern Region, where, possibly as a consequence 
of climate, a slightly lower than average consumption 
per head of non-commercial fuels is associated not 
with a high but a low relative consumption of com¬ 
mercial fuels. The Ce n t r al Region, lowest of all 
regions in average Consumption per head, was low 
also in 1960/1 jjj the ratio of commercial energy 
per head. 


TABLE 73 

OOMESTIC CONSUMPTION. TOTAL AND P£r head, 
IN 0IFFERENT REGIONS 

I 960/1 

(tonnes of coal rment) 



Comma rcia 1 

Energy 

(tot*!} 

(Mi 11 ion 
t onnes) 

Ena rgy 

per head 

(tonnes) 

Non- 

Comma rc i a 1 
Energy 
(total) 
(million 
t onnes) 

Non- 

Conmerc ia 1 
Energy per 
Head. 

(t onnes) 

Total 

Energy 
per hB8d 

(t onnes) 

Ratio ot 
Comma rcia1 
to Total 
Energy 

% 

All India 

17.27 

0.040 

146.10 

0.335 

0.375 

1 0.6 

Eas tarn 

4.80 

0. 048 

33.04 

0.333 

0.381 

12.8 

Nor the rn 

1.83 

0.038 

16.45 

0.341 

0.378 

10.2 

Centra 1 

2.26 

0.021 

32,24 

0.304 

0.325 

8.7 

Western 

4.29 

0.071 

21 .96 

0.366 

0.437 

16.4 

Sou the rn 

3.52 

0. 032 

37.09 

0.337 

0.371 

8.7 

Assam 

0.54 

0.042 

5.32 

0.409 

0.451 

9.2 
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1 50. I'lie difficulties of making forecasts for 
the future spring largely from difficulties in inter¬ 
preting the full implications of the present pattern of 
consumption. Today India consumes in total some 
102 million tonnes of firewood (measured in original 
Units), equivalent to about 0.2!) tonne per head, each 
year. I lie complete recorded yield of all timber of 
all kinds < ut in the forests of India amounts to 15.6 
million ubic metres, equivalent to about 11,1 million 
tonnes Of this, naturally, only a fraction is available 
for fi rewood and charcoal making. The official sta¬ 
tistics for 1957/8 show the equivalent of 8 million 
tonnes available for this purpose-only some 8 % of the 
national consumption of firewood. Even if this greatly 
underestimates what actually comes from the forests, 
it is ( bar that the greater part of the firewood of 
India comes from the cutting of trees in open country 
or in areas not technically defined as forests and 
regarding which no statistics exist. No-one knows 
what mav be the consequences to India of the con¬ 
tinuous cutting of timber on the scale on which 
it has been going on now fon many decades. No-one. 
knows whether the present rate of cutting can be 
maintained only by progressive denudation of the 
Indian country-side. 

160. We have attempted to discover how likely 
it may be that the growth of timber replaces the an¬ 
nual consumption. If one could assume that there 
was a widespread campaign to plant, for cutting as 
firewood, large areas with the quickly growing 
Australian blue gum (eucalyptus tree), we understand 
that a hectare of such trees, on a ten-year growing 
cycle will yield the equivalent of 6.2 tonnes a year. 
The present 102 million tonnes of consumption would 
require about 16 million hectares; a consumption of 
160 million tonnes, such as might he expected in 
another 15 years, (see estimate in coal replacement 
in paragraph 179 below) would require about 25 
million hectares. A village of 500 persons would need 
about 28 hectares to provide for it; a small town of 
10,000 inhabitants about 570 hectares. 

161. The total area required to meet India’s 
prospective firewood requirements is formidably 
large, even on the optimistic assumption that fire¬ 
wood yields per acre can everywhere be raised to the 
standards achieved with these quick growing timbers 
under experimental conditions. The total present 


area of forests technically classified us such is 
about 52 million hectares and that of culturable 
waste is recorded as about 21 million hectares. But 
of the forests about one quarter are defined as in¬ 
accessible for commercial purposes. And, as has 
been said in para. 159, the present yield of firewood 
per hectare, even if allowance is made for unre¬ 
corded cutting, is very far below the level assumed 
in the above calculation. It would be a task of many 
years and involve very strenuous efforts to raise 
the out-turn of the present forests to the point where 
the growth of timber, not only for firewood but also 
for all the other purposes for which India needs it, 
was adequate to cover consumption and to bring to a 
halt the progressive denudation which is now Laking 
place. It will require, beyond question, the assign¬ 
ment to this purpose of considerable areas of more 
accessible land. 

162. In the absence of a vigorous campaign to 
increase timber growing, it is clear that within a 
reasonably short period of time the nation will have 
to depend increasingly on other forms of energy and 
will, indeed, be forced to do so by progressive 
den udation- 

163. The consumption of cattle dung now esti¬ 
mated is, as has been said, slightly smaller than 
had earlier been supposed. About 200 million cattle 
produce annually, it has been estimated, about 1160 
million tonnes of wet dung, equivalent to about 230 
million tonnes of dry dung. The 55 million tonnes 
used as fuel in the domestic sector would represent 
a recovery and use for this purpose of about 25%. 
It has long been the objective of Indian agricultural 
experts to secure more use of dung as a fertiliser 
and less as a fuel. Any continuing increase of use 
for the latter purpose would be regrettable. 

164. The contribution of vegetable wastes of 
many different forms to the total of fuels is an im¬ 
portant one, amounting to some 31 million tonnes, or 
about 18% of the whole. This is a source of energy 
that neither denudes the country side nor seriously 
impoverishes the soil and its use to supplement and 
relieve other forms of energy is welcome. The supply 
of vegetable waste may be expected to increase 
roughly in proportion to agricultural output and may 
double by 1975/6 if agricultural objectives are 
fulfilled. 
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II. PROJECTIONS OF FUTURE DEMAND 


165. It is convenient to make the projections 
for the five year periods between 1960O and 1980/1 
in two stages. Allowances must be made both for the 
effects of growth of population and for the effects of 
any increase in domestic energy consumption that is 
likely to be contingent on the increase of income and 
expenditure per head. The effects of population growth 


will be considered first. 

166. In Table 74 there are presented working 
estimates of total population growth, slightly modi¬ 
fied from those set out in the Third Five Year Plan, 
and extended to 1981. These have been divided be¬ 
tween urban and rural populations in accordance with 
the apparent trends of recent years. 


TABLE 74 

ESTIMATES OF FUTURE POPULATION 



1 96! 

1971 

1976 

1981 

Est imates (mi II ions) 





Total 

436 

553 

623 

702 

Urban 

78 

10B 

123 

143 

Rura 1 

358 

447 

500 

559 

Assumed 





Division (percent) 





Total 

100.0 

100.0 

100.0 

100.0 

Urban 

17.8 

18.9 

19.3 

19.8 

Rura 1 

82.2 

81.1 

80.7 

B0.2 


167. Using approximately 0.39 tonnes per head of the above years, before making any allowance for 

for urban areas and 0.38 tonnes per head for rural higher consumption per head or greater efficiency in 

areas, the total domestic energy consumption in each use, would be as follows: 


TABLE 75 

ESTIMATES OF DOMESTIC ENERGY CONSUMPTION ON THE 
BASIS OF CONSTANT CONSUMPTION PER HEAD 
(Million tonnes of coal replacement) 



1960/1 

1 970/1 

1975/6 

19B0/1 

Urban 

30.4 

41 .3 

48.0 

55.6 

Rura 1 

132,9 

159.8 

191.8 

215.1 

Total 

163.3 

210.9 

239.8 

270.7 


168. It is less easy to judge what allowance 
should be made for the effects of higher income per 
head. In the conditions of 1958, consumption per 
head increased (so far as can be judged from the 


urban survey of the National Council of Applied 
Economic Research) hardly at all with increasing in¬ 
come at income below about Rs. 300. Above that 
level there was apparently an income elasticity of 
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about*0.4: a 10% increase of income and expenditure 
was likely to be associated with about 4% increase 
of expenditure on domestic energy. This upper range 
within which there were evidences of higher con¬ 
sumption with higher incomes affected about one 
quarter of total urban consumption. 

169. In practice such income elasticity would 
appear to have been associated in 1958 with the use 
of electricity and other commercial forms of energy 
rather than with non-commercial forms, and probably 
also with the actual availability of electricity. 
Clearly the availability of electricity is to be ex¬ 
pected at lower income levels in 1981 than in 1958, 
and direct inference from the 1958 data is dangerous. 

170. By 1981 it is hoped that real consumption 
per head may be nearly doubled and electricity will 


be more widely available in rural as well as in urban 
areas. If so, it may be reasonable to regard about 
50% of the urban energy consumption as potentially 
falling by then into the area in which consumption 
rises with income. At the same time a smaller fraction 
of rural consumption is likely to be similarly situated. 
It will be assumed that this is true of 30% of rural 
consumption by 1981 and smaller proportions in 
earlier years. With more consumer durables using 
energy, the income elasticity may itself be higher; 
0.5 has been assumed. 

171. On the basis of these perhaps somewhat 
conservative assumptions the following correction 
factors have been calculated to allow for the effects 
on increasing consumption per head. 


TABLE 76 

ESTIMATED PROVISIONS FOR INCREASED CONSUMPTION OF 
DOMESTIC ENERGY PER HEAD 

(1981 Consurapiion ; i00) 



1 980/1 

1970/1 

1975/6 

1900/1 

Urban 

100 

110 

117 

125 

Ru ra 1 

too 

108 

110 

115 


172. If the above provisions tor higher domestic mates at constant consumption in Table 75 the fol- 

energy consumption per head are applied to the esti- lowing final estimates emerge. 

TABLE 77 

ESTIMATES OF DOMESTIC ENERGY CONSUMPTION WITH 
INCREASING CONSUMPTION PER HEAD 



(Mi 1 lion 

tonnes of coal 

replacement) 



1960/1 

1970/1 

1B75/B 

1 980/1 

Urban 

30.4 

45.4 

56.9 

69.5 

Rura 1 

132.9 

179.8 

211.0 

247.4 

Tota 1 

163.3 

225.2 

267.9 

316.9 

1981 : tOO 

ltfo 

136 

164 

194 


173. In normal circumstances it would be proper 
to include also an estimate for the increasing ef¬ 
ficiency in the use of the energy and the declining 
input of primary energy per unit of final product. 
In relation to domestic energy demands in this case 
no provision will be made for this. The calculation 
in terms of the coal replacement ratio does in effect 
imply that, if transfer is made from non-commercial 
sources to commercial, an economy of energy, as 
usually measured, will have been achieved. While 


there is likely to be some downward trend in the in¬ 
put of coal per kWh used in the domestic sector, ac¬ 
count is taken of this in another section of this 
survey. 

174. It can be seen that the present rough esti¬ 
mates suggest that the domestic demand for energy 
may increase by about 95% during the next twenty 
years, and require an addition of more than 150 
million tonnes of coal replacement to meet it. 
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III. FUTURE SOURCES OF DOMESTIC ENERGY will increase by an additional 14.3 million tonnes by 

1970/1 and an additional 46.2 million tonnes of coal 
replacement by 1980/1 ($ee Table 75 and 77 above). 

175. The sources from which these increased Almost the whole of this additional demand is likely 

demands may be met involve matters of policy at to be a demand for commercial sources of energy, 

least as much as of forecasting. We begin, however, principally electricity and kerosene. On the basis of 

by setting out certain minimum considerations. population growth, moreover, the demands for these 

176. We have estimated that, as a result of two will increase by about 3.9 million tonnes by 

higher consumption of energy per head, the demands 1970 0 and 8.8 million tonnes by 1980/1. 


Table 78 

MINIMUM INCREASE OF DEMANDS 
FOR KEROSENE AND ELECTRICITY 



IN THE DOMESTIC 

SECTOR 



(Million tonnes of coa 

1 replacement) 



1980/1 

1970/1 

1 900/1 

Increases from 
population growth 

- 

3.9 

8.8 

Increases from 
higher consumption 
per head. 

- 

14.3 

46.2 

Total 1 ncYeases 

- 

18.2 

55.0 

Actual 1980/1 

14.4 

14.4 

14.4 

Total 

14.4 

32.8 

69.4 

1 960/1 : 100 

100 

226 

482 


177. These calculations take no account, how- met by some such pattern of energy sources as those 

ever, as yet of the ways in which the main basic shown in Table 79 below. This pattern assumes that, 

domestic demands for cooking may be met. These following the trend of the past nine years, the amount 

are issues, as we have said, of national policy. of commercial energy doubles each ten years, while 

178. If we confined ourselves to forecasting the remainder of the demand is met from non-com- 

trends, we might reasonably estimate that the total mercial sources 

demands for energy in the domestic sector might be 

TABLE 79 

POSSIBLE TRENDS IN DOMESTIC ENERGY CONSUMPTION 
IN THE ABSENCE OF POLICY CHANGES 


(Mi 11ion 

tonnes of coal 

replacement) 



1980/1 

1970/1 

1 980/1 

Increases of Demands 
over 1980/1 

- 

82.0 

153.7 

Met from Increases 
of Commercial Sources 

- 

17.5 

52.5 

Met from Increases 
of Non-Commerc ia 1 

Sources 

- 

44.5 

101 .2 

Total Demands 




Commere ia 1 

17.2 

34.7 

69.7 

Non-Commercial 

146.1 

190.5 

247.3 

Tota 1 

163.3 

225.2 

317.0 
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179. If, for the moment, we may follow through mately the following consequences for the individual 

the logic of this situation, it would involve approxi- sources of non-commercial energy: 

TABLE BO 

POSSIBLE IMPLICATIONS FOR INDIVIDUAL SOURCES 
OF NON-COMMERCIAL ENERGY 
(Million tonnes of coal replacement) 


Fi rewood and 

1960/1 

1 970/1 

1980/1 

Cha rcoa 1 

95.3 

121.8 

154.6 

Catt le Dung 

21 .6 

27.6 

35.1 

Waste Products 

29.2 

41 .4 

58.4 

Total 

146.1 

190.8 

248.1 


180. Waste products have been assumed to in¬ 
crease roughly in proportion to expected agricultural 
output The other sources are assumed to be con¬ 
sumed in the proportions of 1962/3. 

181. The amounts of firewood cut would increase 
by about 28% by 1970/1 and by more than 60% by 
1980'1. On the basis of the present, and possibly 
excessive, cattle population, the recovery ratio of 
dung used as fuel to the estimated total of all dung 
would have to increase from about 25% in 1960/1 to 
about 33% in 1970/1 and to over 40% in 1980/1. 

182. It is very clear that, long before such re¬ 
sults come into effect, the ordinary economic forces 
of scarcity of firewood and dung calces and the urgent 
need to find other means of cooking would enforce 
substitution of other fuels for the traditional fuels. 
But it is the task of policy to see such trends and 
dangers in advance and to take measures to avert 
them before they become so imminent as to be, in the 
short term, insurmountable. 

183. We are convinced that the nation’s domestic 
fuel policy should be addressed to the achievement 
of two objectives: 

(i) Vigorous measures should be taken to se¬ 
cure that the growth of wood for use as firewood 
replaces the annual cutting of such wood. The 
responsibility for this should, we suggest, be 
placed unambiguously on the Ministry of Food 
and Agriculture, and a special division be added 
to the Ministry with responsibility for these 
matters. It should be instructed to examine, in 
consultation with the state governments, the 
area of commercially accessible forest which 
in each State would be necessary, having regard 
to other timber requirements, to meet the prob¬ 
able firewood needs of the State; to take all 
necessary measures to secure that a sufficient 
area shall be planted with suitable trees to 
meet this need; and to secure that a suitable 
organisation shall be established for the pro¬ 
tection of the growing timber and the control of 


its cutting. 

(ii) Provision should be made for the substi¬ 
tution, wherever practicable, and in particular 
in the larger cities, of commercial forms of 
energy, based on the indigenous fuels of India, 
for the present non-commercial forms. Since it 
is unlikely that India will be able to afford the 
very large oil imports that would be implied in a 
widespread substitution of kerosene for firewood, 
all possible encouragement should be given to the 
further expansion of already existing policies of 
building low temperature carbonisation plants 
and of production and distribution of soft-coke, 
briquettes, and similar domestic fuels based on 
coaj or lignite; research should be conducted 
with all possible urgency into the use for do¬ 
mestic purposes of any grades of coal likely 
to be surplus; present research to improve the 
efficiency of domestic cooking stoves should be 
intensified with particular emphasis on the design 
and development of domestic cooking stoves 
which can make use of such fuels; active meas¬ 
ures should also be taken for the popularisation 
of such fuels. 

184. There are various measures open to the 
Government of India to discourage the use of fire¬ 
wood, particularly in the towns, and to encourage 
the substitution of commercial fuels. Such measures 
include the possible uses of taxes or octroi duties 
on the one hand, and the stimulation and even the 
temporary subsidisation of alternative commercial 
sources of energy on the other hand. 

185. It is difficult at this stage to predict how 
rapidly the measures for the increase of firewood 
supplies that we recommend will result in sufficient 
additions to the available supplies to meet the grow¬ 
ing demands. We recommend that the situation be 
reviewed not later than in 1970/1, since any failure 
to expand firewood supplies is likely to have immedi¬ 
ate repercussions on the plans to produce or import 
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commercial forms of energy. If the Government of 
India should not accept our recommendation for a 
very vigorous policy for the expansion of firewood 
supplies, steps will immediately be necessary to 
expand other forms of domestic energy. 

186. Meanwhile we think that in making its own 
plans for the development of the industries providing 
the commercial fuels, the Government should assume 
that, beyond 1968 6, tbe upward trend of the non-com¬ 
mercial fuels will be restricted and that provision 


must be made for meeting a greater part of the in¬ 
creases of domestic energy demands than in the 
past from commercial sources. The figures that we 
have included in Table 81 represent the greatest 
dependence on non-commercial sources and the least 
dependence on commercial sources that is possible 
with a very vigorous policy of firewood expansion. 
Making these assumptions, we have estimated the 
demands from different energy sources for meeting 
the total demand to be approximately as follows: 


TABLE 81 

ESTI MATED DEMANDS FOR VARIOUS SOURCES OF ENERGY 
REQUIRED BY THE DOMESTIC SECTOR 

(Million tonnes of cool replacement) 


Commercial Sources 

1 960/1 

1 970/1 

1 975/6 

1980/1 

Oi1 Products 

12.9 

28.0 

41 .0 

66.0 

Coal and Coke 

2. B 

9.2 

20.0 

28.0 

Electricity 

1.5 

5.1 

8.0 

14.0 

Total 

Non-Commercial Sources 

17,2 

42.3 

69.0 

108.0 

Fi rewood 8 Cliarcoa 1 

jgsdK 

115.7 

124.0 

125.0 

Dung Cakes 

21.6 

24.0 

25.0 

25.0 

Waste Products 

29.2 

43.0 

50.0 

59.0 

Total 

146. 1 

182.7 

199.0 

209.0 

All Sources 

163.3 

225.0 

268.0 

317.0 


187. In terms of the original units of these 
various sources the amounts estimated in Table 81 
would be as follows: 


TABLE 32 


ESTIMATE0 

DEMANDS OF 

THE DOMESTIC 

SECTOR 


Commercial Sources 

1960/1 

1 970/1 

1975/6 

1980/1 

Oi1 Products 
(million t onnes ) 

2.0 

4.3 

6.3 

10.2 

Coa1 (million 
tonnes) 

2.8 

9.2 

20.0 

28.0 

Electricity (TWh) 

1.5 

7.3 

11.4 

17.0 

Non-Commercial Sources 





F i rewood (mi 1 1 i on 
tonnes) 

100.0 

121 .0 

130.0 

131.0 

Dung Cakes 

(mi 11 ion tonnes ) 

54.0 

60.0 

63.0 

63.0 

Waste Products 
(million tonnes ) 

30.7 

45.0 

53.0 

62.0 
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188. We have not thought it necessary to pre¬ 
sent three alternative estimates of the demands for 
domestic energy, corresponding to the alternative 
rates of economic growth that we have considered 
in the case of other sectors. The growths of demand 
in the domestic sector spring very largely from in¬ 
crease of population. The element of increased con¬ 
sumption per head is only in part a consequence of 
increased income per head; it is partly a conse¬ 
quence of the increased availability of electricity 
and of changing consumption habits. While there is 
unquestionably some repercussion of differing rates 
of growth of personal expenditure on the consumption 
of domestic energy, the differences between the 
rates we are considering are probably not of such 
magnitude as greatly to modify the more general 
estimates we have made. 

IV. REGIONAL PROJECTIONS 
OF DOMESTIC DEMANDS 

189. If practical policies are to be worked out 
to deal with these emergent problems of the domestic 
sector, it is necessary to form some ideas of the 
volumes of demands for commercial energy that are 
likely to arise in different regions. We have at¬ 


tempted, therefore, to make some estimates of the 
probable orders of magnitude. 

190. To make such estimates we have made 
some necessary preliminary assumptions. We have 
assumed firstly, that, as supplies of firewood and 
dung cakes are reduced, they are reduced in the same 
proportions in each of the different regions. This 
is, we realise, unlikely to happen in practice, but, 
in the absence of a very detailed and lengthy re¬ 
search which was not practicable in the time at our 
disposal, we have thought this a reasonable assump¬ 
tion to establish rough orders of magnitude. Secondly* 
we have assumed that the levels of consumption 
will rise in about the same proportions in all regions. 
We have assumed a very slightly larger rise in the 
Central Region, where standards have been some¬ 
what lower than elsewhere. 

191. In Table 83 we have set out, for all the 
different regions, the assumed total consumptions 
per head of domestic energy, the estimated supplies 
from non-commercial sources, on the assumptions 
stated in the last paragraph, and the supplies from 
commercial sources that will be needed to fill the 
gaps. 


TABLE 83 

ESTIMATED REGIONAL REQUIREMENTS 
OF DOMESTIC ENERGY FROM COMMERCIAL SOURCES 

(tonnes of coal replacement) 


1970/1 

Est(mated 

Tota 1 

Consumption 
o f Domes t i c 
Energy Per 

Head 

E.s t i mat e d 

Suppl les of 
non-Comme r - 
cial Energy 
per Head 

Required 

Suppl les 
of Commer¬ 
cial Energy 
per Head 

Est imated 

Populat ion 

(mil Mons ) 

Estimated 

Total 

Domes tic 
Demand fo 
Commercia 
Energy 
(million i 

All India 

.407 

.330 


553 

42.34 

Ea s t e r n 

. 409 

.330 

.079 

128 

1 

9.98 

No r t h e r n 

.407 

.341 

.065 

61 

3.98 

Ce n t r a 1 

.369 

.306 

.064 

134 

8.59 

We s t e r n 

.470 

.396 

.114 

76 

8.69 

Southern 

.399 

.334 

.085 

139 

9.06 

Assam 

1980/1 

.418 

.380 

.120 

17 

2.04 

All India 

.452 

.298 

.154 

7 02 

108.00 

Eas te rn 

.455 

.296 

.157 

1 60 

24.75 

No r t h e r n 

.453 

.306 

.145 

77 

11.00 

Ce n t r a 1 

.418 

.275 

.143 

171 

24.09 

We s t e r n 

.522 

.319 

.203 

90 

19.20 

Southern 

.442 

.301 

.141 

177 

25.56 

Assam 

.540 

.329 

.211 

21 

4.37 
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]42. We have gone on to estimate, in the light 
of these aggregate requirements in each region, how 
the various regions would be likely, on the basis of 
recent experience to distribute their demands between 
the various commercial sources of energy - coal, 
oil products and electricity. On the basis of recent 
experience, we would expect to get distributions in 
1970 1 and 1980/1 in about the proportions shown in 
Table 84. 

]03. The estimates given in Table 84 are de¬ 
signed only to establish rough orders of magnitude as 


a general guide to policy. They are based on very 
static assumptions regarding the relative avail¬ 
abilities and popularities of particular fuels. If new 
coal mines, for example, are opened up in outlying 
regions, or if active measures arc taken to make coal- 
based fuels more readily available and more ac¬ 
ceptable. the proportions may be appreciably changed. 
But it must be remembered that the present distri¬ 
bution has a solid foundation in relative costs, re¬ 
flecting costs of transport, and that changes are 
likely to be minor rather than dramatic. 


TABLE 84 


ESTIMATED DISTRIBUTIONS OF DOMESTIC DEMANDS 
IN REGIONS BETWEEN DIFFERENT COMMERCIAL FUELS 
1 970/1 AND 1 980/1 

(Million tonnes ot coal replacement) 


1970/1 

Coa 1 

0 i 1 Products 

Electricity 

Total 

All India 

9.18 

2B.00 

5.14 

42.32 

Ea s t e r n 

4.99 

3.78 

1 .21 

9.98 

Norths rn 

1.75 

1.54 

0.69 

3.98 

Ce n t r a 1 

1.50 

8.14 

0.95 

8.59 

Waste rn 

0.81 

7.01 

0.87 

8.69 

Souths r n 

0.08 

7.59 

1 .37 

9.04 

Assam 

1980/1 

0.05 

1 .94 

0.05 

2.04 

All India 

28.00 

66.00 

14.00 

108.00 

Ea s t a r n 

14.99 

1 1 .12 

3.25 

29.36 

Northern 

5.59 

5.54 

2.00 

13.13 

Ce n t r a 1 

4.87 

15.89 

2.75 

23.51 

West a rn 

2.19 

12.48 

2.11 

16.78 

Southe rn 

0.25 

17.77 

3.78 

21 .80 

Assam 

0.12 

3.21 

0.-1 1 

3.44 
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CHAPTER 9 

Final Estimates of Demand 


194 In the last chapters we have set out our 
estimates of the possible demands for energy in 
India on the basis of sector-wise calculations. Re 
summarise the results of these calculations in Table 
85 and figure 6, in terms of the amounts of energy 
calculated to be demanded by the different sectors 
we have analysed. 

195. Certain broad conclusions emerge, quite 
independently of the precise accuracy of individual 
figures. In 1953 4, the energy absorbed in the do¬ 
mestic sector, including non-commercial fuels, repre¬ 
sented about 74% of total energy; by 1970/1 it is 

TABLE 85 


estimated to represent only about a half of total 
energy, and by 1980 I no more than two-fifths. In 
1953/4 non-commercial energy represented 68% of 
the total of energy supplies; in 1970/1 it is estimated 
to represent a little less than one-half and by 1980/1 
only about one-quarter of the total. Thus a revolution 
is taking place in the whole energy system o f Ind ia. 
Industry and transport together, which form the two 
main users of energy by the modern economy, ab¬ 
sorbed about 23% of total energy in 1953/4 and 29% 
in 1960/T; they are expected to absorb over 40% by 
1970 T and just under 60% by 1980'1. 


SUMMARY OF SECTOR-WISE ESTIMATES OF DEMANDS FOR ENERGY 
(Million tonnes of coal replacement) 


CASE 


(5% growth )* 

t 98C/1 


197 0/1 

1 975/6 

1 980/1 

Transport (a) 

30.7 


55.3 

75.5 

1 04. 4 

Industry (b ) 

39.6 


84.7 

131.4 

194.8 

Oomest ic 

163.3 


225.0 

268.0 

317.0 

Agriculture (a ) 

3.4 


r<% 9.7 

15.0 

22.2 

Others 

2.4 


veil 4.2 

5.6 

7.5 

Energy Sector (b) 

3.1 


5.1 

7.6 

1 0.2 

Total All Fue 1 s 

242.5 


384.0 

503.1 

656.1 

Total Commercial 

Fue 1 s 

96.4 


201 .3 

304.1 

447.1 

(6'/. g r ow t h ) * 

Transport (a) 

30.7 


61 .8 

91 .4 

134.8 

Industry (h ) 

39.6 


97.5 

162.2 

257.3 

Oomest Ic 

183.3 


225.0 

268. 0 

317.0 

Agr i cu1ture (a ) 

3.4 


9.7 

15.0 

22.2 

Othe rs 



4.2 

5.6 

7.5 

Energy Sector (b) 

3.1 


6.1 

9.3 

13.3 

Total All Fue Is 

242.5 


404.3 

551 .5 

7 52.1 

Total Comme rc i at 

Fue 1 s 

( 7» growth ) * 

96.4 


221 .6 

352.5 

543.1 

T ranspor t (a ) 

30.7 


71.7 

110.5 

1 65.3 

Industry (b) 

39.6 


119.8 

2 04.4 

328.3 

Oomest ic 

163.3 


225.0 

268.0 

317.0 

Agriculture (a ) 

3.4 


9.7 

15.0 

22.0 

Others 

2.4 


4.2 

5.6 

7.5 

Energy Sector (b) 

3.1 


8.2 

12.1 

17.0 

Total All Fuels 

242.5 


438.6 

615.6 

857.3 

Total Comme rc i al 

Fuels 

96.4 


255.9 

416,6 

648.3 

(a) Oil use in agriculturaf tractors (estimated 

to be 0.3 M. 


tonnes i n 1960/1 ) 

has been 

t rans(erred from 

road trans- 


port (where it is 

recorded 

i n 

Chapte r 3 ) to 

agriculture. 


(b) For all years after 1960/1 

the 

requirements 

of blast 


furnace gas and coke oven 

gas 

to unde r f i re 

coke ovens 



have been treated as requirements of the iron and steel 
industry,. In order to make ! 960/t comparable with the 
figures for subsequent years l.l m. tonnes of coal re¬ 
placement has been added to the figures for industry and 
subtracted from those for the energy sector. 

* Growth of national income 
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196. Table 86 shows the results of the same 
calculations in terms of demands for different types 
of energy. It must be made clear at once that, since 
the generation of electricity will require large quanti¬ 


ties of coal and some smaller quantities of oil, these 
do not represent the total demands for coal or oil 
but those amounts of each which may be expected to 
be consumed as such. 


TABLE 86 


SUMMARY Of SECTOR-WISE ESTIMATES OF DEMANDS FOR DIFFERENT 
TYPES OF ENERGY 


(M 


CASE I 

Commercial Fuels 

Coking CoaI & products 
Non-Coking Coal t products 
Oi I Products as such 
Electricity 
Tot a I Comma rcia I 

Non-Commercial Fuels 

F i rawood 
Dung Cakes 
Waste Products 
Total Non-Commercial 

GRAND TOTAL ALL FUELS 


CASE II 

Commercial Fuels 

Coking Coal t products 
Non-Coking Coal & products 
OiI Products as such 
Electricity 
Tota I Commercial 

Non-Commercial Fuels 

Firewood 
Dung Cakes 
Waste Products 
Total Nan-commercial 

GRAND TOTAL ALL FUELS 

CASE III 

Commercial Fuels 

Coking CoaI ( products 
Non-Coking Coal S products 
OH Products as such 
Electricity 

Total Commercial 

Non-commercial Fuels 

Firewood 
Dung Cakes 
Waste Products 
Tote I Non-commerc ia I 

GRANO TOTAL ALL FUELS 


ion tonnes of coal 

1 960/1 

replacement) 

1 97 0/1 

1975/6 

1 880/1 

11.6 

21.0 

34.1 

47.1 

28.8 

44.6 

61.1 

76.0 

39.1 

94.4 

145.5 

226.5 

16. G 

41 .3 

83.4 

97.5 

96.4 

201 .3 

304.1 

447.1 


95.3 

115.7 

124. D 

125.0 

21.6 

24.0 

25.0 

25.0 

29.2 

43.0 

50.0 

59.0 

146.1 

182.7 

199.0 

2 09.0 

242.5 

384.0 

503.1 

858.1 


11.6 

24.1 

42.0 

62.1 

28.8 

49.3 

69.6 

90.0 

39.1 

102.8 

187.6 

272.2 

16.9 

45.3 

73.3 

1 18.8 

98.4 

221 .6 

352.5 

5 43.1 


95.3 

115.7 

124.0 

125.0 

21 .6 

24.0 

25.0 

25.Q 

29.2 

43.0 

50. 0 

59.0 

146.1 

182.7 

199.0 

2 00 . 0 

242.5 

404.3 

551 .5 

752.1 


11.6 

31 .4 

53.2 

80.1 

28.8 

57.2 

81 .4 

106.3 

39.1 

115.5 

195.1 

319.9 

16.9 

51 .8 

86.8 

1 43.1 

96.4 

255.8 

416.8 

648.3 


95.3 

1 15.7 

124.0 

125.0 

21.6 

24.0 

25.0 

25.0 

29.2 

43.0 

50.0 

59.0 

146.1 

182.7 

199.0 

208.0 

242.5 

438.6 

615.6 

857.3 
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197. In order to make clearer the meaning oi 
these estimates in terms of the actual fuels con¬ 
cerned we have translated the various elements of 
the estimates of commercial energy in Table 86 
back into the original units of the types of energy 
concerned. The resulting figures are given in Table 
87. Certain points need to be borne in mind in 
interpreting these figures. The figures for oil pro¬ 
ducts represent final consumption of energy products 
only; they exclude all non-energy products such us 
lubricating oils; they exclude refinery consumption. 


The figures for electricity represent TWh of elec¬ 
tricity consumed by final consumers; they include no 
allowance for plant losses and distribution losses; 
they include both electricity generated by the utility 
stations, public and private, and that generated by 
non-utility plants for consumption in the associated 
industrial undertakings. We should again emphasise 
that the demands for coal, in particular, and for oil 
to a smaller extent, do not include the amounts used 
to generate electricity. 


TABLE 87 


SUMMARY OF SECTOR-VISE ESTIMATES OF DEMANDS 
FOR DIFFERENT TYPES OF ENERSY 

(in original units) 


Colt ing Coa! 
t product* 

(mi 1 1 ion tonnes ) 

1860/1 

1 970/1 

1975/6 

1880/1 

CASE 1 

11.8 

21.0 

34.1 

47.1 

CASE II 

11.8 

24.1 

42.0 

62.1 

CASE III 

11 .8 

31 .4 

53.2 

80. 1 

Non-Coking Coa1 

A products 

(mi 1 1 ion tonnes ) 





CASE 1 

28.8 

M4.8 

61 .1 

76.0 

CASE II 

28.8 

49.3 

88.6 

80.0 

CASE III 

28.8 

57.2 

81.4 

1 05.3 

Oil Products 
at such 

(million tonnes of products) 





CASE 1 

8.0 

14.5 

22.4 

34.8 

CASE II 

8.0 

15.8 

25.8 

41.9 

CASE III 

6.0 

17.8 

30.0 

49.2 

Electricity 
(TVh) 





CASE 1 

16.9 

59.0 

90.6 

139.3 

CASE II 

18.9 

64.7 

104.7 

189.7 

CASE III 

16.9 

74.0 

124.1 

204.4 


198. The effect of the various assumptions that 
we have made and of the calculations built on those 
assumptions is to suggest that on the basis of de¬ 


tailed sector-wise analysis, we could expect the 
total demands for energy to increase to the following 
extents: 
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TABLE 86 

INCREASES OF ENERGY CONSUMPTION 
INDICATED BY SECTOR-WISE ANALYSES 
(million tonnes ol coal replacement) 


CASE 

1 


1960/1 

1 970/1 

1975/6 

1980/1 

5*. 

7'/. 

pe r 
pe r 

yea r 
yea r 

national income growth and 
industrial production growth 







243 

384 

503 

656 

CASE 

11 






6% 

8‘y? 

pe r 
• per 

yea r 
year 

national income growth and 
industrial production growth 







243 

404 

551 

754 

CASE 

1 1 1 






7% 

1 0?, 

pe r 
pe r 

ye a r 
yea r 

national income growth and 
industrial production growth 







243 

439 

616 

857 


19*J. It is natural that the differences between established between growth of national income and 

the compound growth rates should make themselves growth of energy consumption, the expected growths 

evident principally in the much more distant years. of energy consumption, with the alternative as- 

20O. It is useful at this stage to return to the sumptions of national income increase were as 

macro-economic estimates made for purposes of a follows: 

check in Chapter 1. On the basis of the relation 


TABLE 89 

INCREASES OF ENERGY CONSUMPTION 
IKMCATEO BY NATIONAL INCOME PROJECTION 
(million tonnes of coal replacement) 

1960/1 1970/1 1975/6 1980/1 

CASE I 

5% per year national income growth 

243 393 505 642 

CASE I I 

6% per year national income growth 

243 424 581 779 

CASE III 

7« per year national income growth 

243 446 635 895 


201. The third method of projection established duction as a whole. That method gave us the estimates 

a relation between the non-domestic consumption of for the commercial sources of energy alone, 

commercial energy and the growth of industrial pro- 
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lABLt au 


PERCENTAGE INCREASES OE COMMERCIAL ENERGY ALONE 
I NO ICATEO BY PROJECTIONS OF INDUSTRIAL PRODUCTION 

I960, I 1 970/1 1 975/6 

CASE I 

7',- per year industrial production growth 

79 152 222 

Plus estimated requirements of domestic sector for commercial fuels 



1 7 

42 

69 

Total 

96 

194 

291 


CASE II 

8V« Per year industrial production growth 

79 180 272 


Plus estimated requirements of domestic sector for commercial fuels 



1 7 

42 

69 

Total 

96 

222 

341 

CASE III 




1 0'.- per year 

industrial production growth 




79 

214 

345 

Plus est imeted 

requirements of domestic sector for 

comme rcia 1 f ue 


1 7 

42 

69 

Total 

96 

236 

414 


202. The sector-wise estimates in fact gave the 
following increases of consumption of commercial 
energy only (c.f. Table 8. r > above): 

TABLE 91 

ESTIMATED OEMANDS FOR COMMERCIAL ENERGY ALONE 
INDICATED BY SECTOR-WISE ANALYSES 
(million tonnes of coal replacement) 



19601 

1 970'1 

1 975/6 

1 980/1 

CASE 1 

96 

201 

304 

447 

CASE 1 1 

96 

222 

353 

543 

CASE 111 

96 

256 

417 

848 


1980/1 


312 

108 

420 


410 

1 08 
518 


532 

108 

640 


203. It will be seen that in each case the 
sector-wise analysis has resulted in estimates of 
the probable demands both for energy as a whole and 
for commercial energy alone very close indeed to the. 
rather crude macro-economic estimates. While the 
macro-economic estimates are valuable as checks, 
the more searching sector-wise analyses are more to 
be trusted. We shall continue to use the results of 
those analyses in our further discussions. 

2<)4. It remains, therefore, to consider which 
of the alternative sets of assumptions represented by 
our three cases most nearly represents the probable 


future trend of the Indian economy. The final decision 
regarding that is necessarily a decision for the Govern¬ 
ment of India, advised by the Planning Commission. 
It has, indeed, been our purpose in drafting this report 
to present alternative possibilities which may corres¬ 
pond to the needs of India whichever of various alter¬ 
native growth paths is in fact adopted. 

205. There are, however, some special con¬ 
siderations. relevant to the special problems of 
energy planning, to which it is proper that we should 
draw attention. The demand for commercial energy is 
increasing rapidly; over the five years 1957 8 to 
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1962/3 it increased by 49%, equivalent to over 8% a 
year. If planning proceeds at any moment slightly too 
fast, demand will overtake supply rapidly. On the 
other hand, the period of construction of plant is 
very long - in most cases eight to ten years. It is 
very difficult at short notice to remedy a shortfall. 
While the capital cost of construction of energy 
facilities is very high, it remains true that all studies 
that have been made of the relative costs to the 
nation of slightly surplus capacity on the one hand 
and of slightly inadequate capacity on the other have 
demonstrated the smaller cost incurred by constru¬ 
ction slightlv-but not, of course, excessively - in ad¬ 
vance of demand. 

206. This is particularly relevant to the cir¬ 
cumstances of India. There has, for some years past, 
been both a shortage of electricity generating capacity 
and an inadequate distribution system. Part of any 
immediate investment will go in that industry to the 
overtaking of arrears of demand and to catching up 
with the stream of new demands that arc constantly 


arising. 

207. The estimates that we have presented 
above represent in relation to electricity appreciably 
lower estimates than those on which the State Boards 
have collectively been working in planning their new 
developments. We hope that this will mean that by 
1970/1 there will be more adequate gross margins 
between scheduled capability and peak load than 
have recently existed. If in fact the margins prove 
to be excessive, the rapid growth of demand that we 
foresee between 1970/1 and 1975/6 will quickly act 
as corrective, provided that over-investment is not 
continued. 

208. In the light of our studies of demand, we 
believe that it would be wise for the time being to 
plan energy developments beyond 1970 T on the 
basis that the total demands for energy are likely to 
be of the orders of magnitude set out below when 
measured in the terms of coal replacement that we 
have used: 


TABLE 62 

RECOMMENDED BASES FOR COMMERCIAL ENERGY PLANNING 
(Million tonnes of cool replacement) 



t 960/1 

1970/1 

1975/6 

1980/1 

CASE 1 

Total Energy 

243 

385 

500 

650 

Commercial Erirgy 

96 

200 

300 

445 

CASE II 

Total Energy 

243 

400 

550 

750 

Commercial Energy 

96 

220 

350 

540 

CASE 1 11 

Total Energy 

243 

440 

615 

850 

Commercial Energy 

96 

255 

415 

645 


209 The uncertainties surrounding the choice 
of the best basis for future energy planning arise 
predominantly from the uncertainties of the future 
rate of growth of the Indian economy which will be 
adopted by the Government of India on the advice of 
the Planning Commission. When a final decision has 
been reached, it would not be difficult on the basis 
of the analysis of this report to estimate the cor¬ 
responding probable energy requirements. 

•210 Meanwhile we would suggest that, in re¬ 
lation to 1975'6, planning of commercial energy 
should proceed immediately on the basis that it is 
probable that demands will be not less than 350 
million tonnes of coal replacement and may have to 
be met at the higher level of 415 million tonnes. 
Thus ministries concerned should be prepared with 
plans that can be brought forward rapidly to meet the 
higher level of demand if there are signs that it is 


likely to arise. Similarly, in relation to 1980 7 1 we 
would suggest that planning of commercial energy 
should proceed immediately on the basis that it is 
probable that demands will not be less than 540 
million tonnes of coal replacement and may have to 
be met at» the higher level of 645 million tonnes. 

211. If actual plans are to be made, they will 
have to be made in terms of the provision of the 
primary sources of energy supplies of coal, oil, hydro¬ 
electricity and nuclear energy. In order to do this it 
is necessary to anticipate at this point the discus¬ 
sions of the subsequent chapter on electricity. In the 
light of considerations which will be set out there 
in detail, we think that it should be assumed for 
planning purposes that at the different dates, de¬ 
mands for electricity (measured in kWh) will be met 
in the following proportions from the different alter¬ 
native sources. 
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TABLE 93 


PROOAOLE PRIMARY SOURCES OF ELECTRICITY 
(Parcantagaa) 



1000/1 

1070/1 

1078/8 

1080/1 

CASE 1 

Coal and lignita 

92.0 

30.2 

46.0 

40.7 

Oil 

9.6 

4.3 

4.8 

8.3 

Hydro 

39.0 

40.0 

40.8 

34.1 

Nuclaar 

Natura 1 gat • athar (1) 

“ 

9.8 

7.0 

12.3 

gaaaa 

3.2 

1.3 

1.0 

0.6 

TOTAL 

100.0 

100.0 

100.0 

100.0 

CASE II 

Coal and lignlta 

92.6 

43.8 

47.2 

47.8 

Oil 

9.8 

4.4 

4.4 

8.4 

Hydro 

38.8 

49.9 

30.8 

32.3 

Hue 1 oar 

Natural S othar (1) 

*™ 

9.0 

0.0 

13.0 

gaaaa 

3.2 

1.3 

0.8 

0.9 

TOTAL 

100.0 

100.0 

100.0 

100.0 

CASE III 

Caal and lignlta 

92.8 

40.2 

47.8 

48.3 

Oil 

9.6 

4.4 

4.0 

8.5 

Hydro 

30.6 

40.8 

38.8 

31 .4 

Nuclaar 

Natural 0 otdor (t) 


4.4 

8.0 

13.4 

gaaaa 

3.2 

1.2 

0.7 

0.4 

TOTAL 

100.0 

100.0 

100.0 

100.0 


(1 > Blast lurnaea gaa and cofca svan gat. 
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212- On these bases, the alternative total de¬ 
mands for the primary sources of energy would, in 
the three cases we have considered, be as follows: 


TABLE 94 

QEMAtCS FOR PRIMARY SOURCES OF ENERGY 

(in original units) 


COAL 

Cos I f of a Iec tric i ty 
generation (million tonnes) 

CASE I 
CASE II 
CASE III 

Coking coaI t products 
(mi 11 ion tonnes) 

CASE I 
CASE II 
CASE III 

Non-coking coal A products 
(million tonnes ) 

CASE I 
CASE II 
CASE III 

Lignite for •loctrlcity generation 
(mi I I ion tonnes) 

CASE I 
CASE II 
CASE III 

OIL. 

Oil Products far electricity 
generation (million tonnes) 

CASE I 
CASE II 
CASE III 

Oi I Products as such 
(mi 11 ion tonnes ) 

CASE I 
CASE II 
CASE III 

HYDRO-ELECTRICITY 

Gross generation of electricity (Tlh) 

CASE I 
CASE II 
CASE III 

HUCLEAR 

gross generation of electricity (T>h) 

CASE I 
CASE II 
CASE III 


1 980/1 

1970/1 

1975/6 

9.1 

16.5 

28.2 

9.1 

1 9 . 0 

31.0 

9.1 

24.4 

37.5 

11.8 

21.0 

34.1 

11.8 

24.3 

42.0 

11.8 

31 .4 

53.2 

28.8 

44.6 

61.1 

28.8 

49.3 

69.6 

28.8 

57.2 

81 .4 


1.8 

4.7 


3.7 

4.9 


3.9 

5.3 

0.4 

0.9 

1 .3 

0.4 

1.0 

1.4 

0.4 

1 . 1 

1.5 

8.0 

14.5 

22.4 

8.0 

15.8 

25.8 

6.0 

17.6 

30.0 

7.7 

34.6 

43.5 

7.7 

34.9 

49.2 

7.7 

38.1 

57.0 


3.9 

8.5 

_ 

3.9 

9.9 

— 

3.9 

13.1 


1980/1 


39.3 

49.3 
60.9 


47.1 

62.1 
80.1 


78.0 

90.0 

105.3 


8.6 

6.8 

6.8 


2.4 

3.0 

3.7 


34.8 

41.9 
49.2 


58.6 

65.4 

78.8 


20.4 

26.3 

32.8 
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CHAPTER lO 

The Regional Distribution of Demands 


1213. [f the demands that we have set out in the 
last Chapter are to be met in terms of the develop¬ 
ment of actual resources, it is necessary to have 
some clear view as to the different parts of India in 
which different volumes of demand may emerge. In 
the process of making the sector-wise estimates dis¬ 
cussed earlier, we have made regional estimates in 
each case to enable us to see the full implications. 

214. In making these regional estimates, we 
have used such information as was available to us 
regarding the probable locations of the plants al¬ 
ready planned in the main industries that we have 
separately analysed. Beyond the periods covered by 
existing planning we have necessarily depended on 
the judgment of those who have made the estimates. 
They have based their judgments of the probable 
lines of development upon the known resources and 
economies of particular industries. But in estimating 
the probable locations of developments in other in¬ 
dustries, account has been taken of the likelihood 
that it will be the policy of the Government of India 
to stimulate development of those industries which 
are not heavy energy users in the parts of India in 
which, for the time being, there is relative back¬ 
wardness in such factory industries. We are well 
aware that there are inevitable uncertainties in such 
estimates. We believe, none-the-less, that such an 
analysis can usefully establish probable orders of 
magnitude. But because of the uncertainties we have 
not thought it profitable to attempt to make estimates 
by States as well as by Regions. 

.213. For purposes of this analysis, we have 
taken six regions, following boundaries of States 
and corresponding to the regions which, in a broad 
sense reflect the different characteristics of energy 
supply in India. The six regions that we have taken 
are: 


Eastern Region: 

Bihar, Orissa, West 
Bengal. 

Northern Region: 

Punjab, Rajasthan, 

Delhi, Himachal Pradesh, 
Jammu and Kashmir. 

Central Region: 

Uttar Pradesh, 

Madhya Pradesh. 

Western Region: 

Maharashtra, Gujarat. 

Southern Region: 

Madras, Kerala, Mysore, 
Andhra Pradesh, 

Assam Region: 

Assam, Tripura, Manipur. 


We have taken these regions, not only because at the 
time of the statistical work on this report they had 
seemed likely to form the Electricity Regions but 
also because they correspond in essentials to areas 
with and without access to certain coal fields, to 
possible common sources of hydro or thermal elec¬ 
tricity, and to have common characteristics and 
problems. Since our statistical analysis was com¬ 
pleted the final definition of the Electricity Regions 
has been made. There is no Central Region such as 
we had assumed. Madhya Pradesh has been added to 
the Western Region. Uttar Pradesh has been added to 
our Northern Region. Otherwise the Regions are as 
we had provisionally assumed. 

216. We give, in Tables 95 and 96, figures indi¬ 
cating the main economic characteristics of the 
Regions. As is well known, the Eastern Region and 
the Western were in 1960/1 the largest consumers 
of energy. They contained more than two-thirds of 
all large factory industry and 80% or more of the iron 
and steel, non-ferrous and chemical industries. 
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TABLE 95 

PERCENTAGE DISTRIBUTION OF POPULATION AND 
ENERGY CONSUMPTION BY STATES AND REGIONS 
1960/1 


Eastern Region 

Popula t i on 

Area 

All Commercial 
Energy 

Electricity 
Consumption 

Bihar 

10.6 

5.6 

12.6 

10.6 

Or i ssa 

4.0 

5.0 

2.6 

4.4 

West Bengal 

8.0 

2.8 

18.8 

18.7 

Total 

22.5 

13.4 

32.0 

33.7 

Northern Region 

Punjab 

4.8 

4.2 

6.4 

6.8 

Rajasthan 

4.6 

11.0 

2.8 

1.4 

Delhi 

0.6 

0.1 

(a) 

(a) 

Himachal Pradesh 

0.3 

0.9 

(a) 

(a) 

Jammu & Kashmir 

O.S 

6.5 

0.2 

0.3 

Total 

11.0 

22.7 

9.2 

8.5 

Central Region 

Uttar Pradesh 

16.8 

9.4 

8.4 

8.7 

Madhya Pradesh 

7.4 

14.2 

8.7 

3.8 

Total 

24.2 

23.6 

15.2 

10.5 

Western Region 

Maharasht ra 

9.0 

9.9 

16.2 

17.1 

Gujarat 

4.7 

6.0 

6.8 

8.4 

Tota 1 

Southern Region 

13.7 

15.9 

23.0 

23.5 

Mad ras 

7.8 

4.2 

6.6 

10.5 

Kerala 

3.8 

1 .3 

2,4 

2.9 

Mysore 

5.5 

6.2 

3.6 

5.9 

Andhra Pradesh 

8.2 

8.8 

5.4 

4 3 

Total 

25.3 

20.5 

18.0 

23.0 

Assam Region 

3.3 

3.9 

2.5 

0.3 

Grand Tota 1 All India 

100.0 

100,0 

100.0 

100.0 


(a) I nc I uded in Punjab 
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TABLE SB 


DISTRIBUTION BV STATES 

OF VALUE ADDED IN INMAN INDUSTRIES 
1060 




(In Faetorlaa of Site to ba 

included 

In Survey ol 

Induetriea) 


Ragione 

iron A 
Steal 

Non* 

Farroua 

All 

Chami- 
cala 

Cement 

Taxtilea 

Other 

Indue* 

triaa 

All 

Indua- 

trlea 

Eaatem Region 








Bihar 

37.1 

27.5 

4.0 

17.7 

0.4 

8.3 

7.1 

Or lata 

2.5 

- 

- 

- 

0.4 

1.3 

l.O 

Baal Bangal 

39.0 

41.3 

17.8 

- 

18.8 

22.7 

22.3 

Total 

78.6 

88.8 

2! .6 

17.7 

19.4 

30.3 

30.4 

Northarn Region 








Punjab 

1.1 

0.3 

0.1 

11.2 

2.2 

1.9 

1.9 

Rajaathan 

0.2 

2.B 

- 

13.4 

0.7 

1.1 

1.0 

Dalhi 

0.4 

- 

1.3 

- 

2.8 

1.2 

1.8 

JaMnu t Kaahair 

- 

- 

- 

- 

0.2 

0.1 

0.1 

Hi Dacha 1 Pradaah 

- 

- 


- 

- 

0.2 

0.1 

Total 

Cant ra1 Ragion 

1.7 

3.1 

1.4 

24.0 

5.0 

4.5 

4.7 

Uttar Pradaah 

1.8 

0.7 

3.4 

- 

8.3 

7.0 

8.4 

Madhya Pradaah 

0.1 

- 

0.3 

10.1 

3.8 

2.1 

2.4 

Total 

1.0 

0.7 

3.7 

10.1 

10.1 

10.0 

8.8 

Baatarn Region 








Maharaaht ra 

0.6 

18.6 

44.2 

- 

33.6 

,25.5 

27.7 

Bujarat 

1.2 

0.8 

14.2 

9.8 

24.3 

3.4 

10.1 

Total 

10.8 

17.2 

58.4 

9.8 

57.9 

28.8 

37.8 

Southorn Ragion 








Madrae 

3.1 

a 

1.7 

B.2 

20.3 

1.2 

10.8 

7.1 

Kara la 

0.2 

8.3 

8.7 

- 

1.4 

2.8 

2.4 

Myaora 

2.7 

0.3 

1.5 

7.8 

2.4 

3.8 

3.0 

Andhra Pradaah 

1.0 

- 

0.5 

8.7 

1.7 

5.5 

2.7 

Total 

7.0 

10.3 

14.9 

37.8 

8.7 

22.7 

15.2 

Aaaan Ragion 

- 

- 

- 

- 

- 

3.7 

3.0 

Brand Total 

All India 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 
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217. As a starting point, we have analysed in 
detail the use of energy in India in 1960/1, not only 
by region but also by consuming sector and source 
of energy. As on the national scale, we have at¬ 
tempted, with the help of the oil companies, to esti¬ 
mate the end-uses of the consumption of oil pro¬ 


ducts; but information regarding this is scarce and 
our estimates of total oil consumption in each state 
are more reliable than the exact division ef its use. 
We believe, none-the-less, the figures to be sufficient¬ 
ly good for our working purposes. We set out the 
results of this analysis in Table 97 below. 


TABLE 87 


DISTRIBUTION OF REGIONAL ENERGY CONSUMPTION BY CONSUMING 


SECTORS ANO SOURCE OF ENERGY 


Region/Consuming 
Sector 


Eistern Region, Total 

Tranepo r t 
Industry 
Agrlculture 
Dosestic 

Others (Coimerc iel, etc.) 
Energy Sector Consumption 

Northern Region, Total 

Transport 
Industry 
Agrlculture 
Domestic 

Others (Comnerc lal, etc.) 
Energy Sector Consumption 

Central Region, Total 

Transport 
Industry 
Agrlculture 
DomestIc 

Others (Cornuarc la I, etc.) 
Energy Sector Consumption 

Western Region. Total 

Transport 
Industry 
Agriculture 
Domestic 

Others (Commercial, etc.) 
Energy Sector Consumption 

Southern Region, Total 

Transport 
Industry 
AgrIculture 
Domestic 

Others (Conmercial, etc.) 
Energy Sector Consumption 

Assam Region, Total 

Traneport 
Induet ry 
Agriculture 
Domest io 

Others (Commercial, etc.) 
Energy Sector Consumption 

ALL INDIA, TOTAL 


1080/t 

(million tonnes si cott replacement) 


Cok1ng 

Coal 

t Products 

Non- 

Csking 

Coe 1 

t Products 

01 1 

Prodxts 

Elec¬ 

tricity 

Total 

8.87 

8.82 

7.28 

5.71 

30.88 

0.48 

3.63 

2.58 

0.24 

8.84 

8.72 

2.06 

1.83 

4.26 

14.87 

— 

0.02 

0.20 

0.02 

0.24 

0.03 

1.70 

2.68 

0.41 

4.80 

— 

0.27 

- 

0.48 

0.73 

1.74 

1.34 

- 

0.32 

3.40 

0.30 

fS3««A3.4B 

3.72 

1.45 

8.85 

0.18 

1.57 

1.82 

0.05 

3.70 

0.12 

1.10 

0.45 

0.84 

2.51 

— 

0.10 

0.26 

0.08 

0.44 

0.02 

0.51 

1 .08 

0.21 

1.83 

- 

0.20 

— 

0.27 

0.47 

— 

— 

— 

— 

— 

1.86 

8.85 

4.SB 

1.77 

14.88 

0.34 

4.18 

1.80 

0.07 

8.48 

1 .24 

1.71 

0.46 

1.08 

4.48 

- 

0.07 

0.38 

0.20 

0.88 

— 

0.27 

1 .82 

0.17 

2.26 

— 

0.10 

— 

0.21 

0.31 

0.10 

”02 

- 

0.04 

0 . 46 

0.27 

5.08 

12.88 

3.88 

22.18 

0.18 

2.51 

3.45 

0.38 

8.50 

0.09 

2.18 

5.20 

2.82 

10.27 

— 

— 

0.58 

0.04 

0.63 

0.02 

0.28 

3.85 

0.33 

4.28 

— 

0.06 

- 

0.35 

0.41. 

— 

0.04 

- 

0.04 

0.08 

0.28 

4.04 

8.08 

3.08 

17.37 

0.18 

2.55 

3.88 

0.07 

6.78 

0.10 

1.38 

1.50 

2.57 

5.53 

— 

- 

0.44 

0.50 

0.84 

— 

0.02 

3.14 

0.36 

3.82 

— 

0.03 

- 

0.41 

0.44 

— 

0.08 

- 

0.08 

0.16 

0.01 

0.87 

1.88 

0.04 

2.41 

- 

0.38 

0.52 

0.01 

0.81 

0.01 

0.23 

0.52 

0.01 

0.77 

— 

- 

0.13 

— 

0.13 

— 

0.01 

0.52 

0.01 

0.54 

— 

0.02 

— 

- 

0.02 


0.03 

— 

0.01 

0.04 

11.51 

28.82 

38.20 

18.82 

86.45 
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218. We have made as part of our sector-wise 
analysis, detailed region-by-region estimates of 
probable demands for each industry and sector, for 
the years 1970/1, 1975/6 and 1980/1 which are 
important for planning purposes. We have also made 


detailed estimates on each of the three assumptions 
regarding the growth of the economy. 

219. In Tables 98 to 103 we set out our esti¬ 
mates of probable energy consumption on each of the 
three basic assumptions. 


TAILE 98 

SUMMARY OF ESTIMATES OF DEMAW 
FOR COMMERCIAL ENEROY AS SUCH RY RES I ON 
COKINS COAL 

(sl 11 (on tonnot of cool roploeoaont) 



19&0/1 

1870/1 

1976/8 

1 880/1 

CASE 1 





All Indio 

11.8 

21.0 

34.1 

47.1 

Eootorn 

9.0 

14.4 

23.7 

33.3 

Northorn 

0.4 

0.7 

0.9 

0.0 

Cont ra 1 

1.7 

3.6 

9.3 

7.1 

•attorn 

0.2 

0.3 

1.2 

1.6 

Southern 

0.3 

2.0 

3.0 

4.1 

Allot) 

- 

- 

- 

0 . 1 

CASE II 





All India 

11.6 

24.1 

42.0 

62.1 

Eootorn 

9.0 

16.S 

20.4 

40.2 

Northorn 

0.4 

0.7 

0.8 

1.2 

Control 

1.7 

4.2 

6.4 

1C.3 

•attorn 

0.2 

0.4 

1.9 

2.2 

(outturn 

0.3 

2.3 

3 8 

6.0 

Alton 

- 

- 

- 

0.2 

CASE III 





All Indio 

11.6 

31 .4 

93.2 

80.1 

Eootorn 

9.0 

21.9 

37.4 

48.7 

Northorn 

0.4 

0.8 

1.0 

1.4 

Contra 1 

1.7 

9.3 

6.1 

15.0 

•attorn 

0.2 

0.9 

2.0 

2.8 

Southern 

0.3 

3.3 

4.7 

1.0 

Anas 

- 

- 


0.2 



TABLE 99 


SUMMARY OF ESTIMATES OF OEMANO 
FOR COMMERCIAL ENER9Y AS SUCH BY REBION 
NON-COSINB COAL 


(Million tonnit of cool replacement) 


CASE 1 

1980/1 

1970/1 

1975/6 

1980/1 

All Indio 

ZB.8 

44.8 

81.1 

78.0 

Eaotorn 

8.9 

19.2 

22.2 

28.8 

Northern 

3.4 

5.7 

8.4 

10.8 

Central 

8.7 

10.2 

13.1 

15.9 

iottarn 

S .1 

6.3 

8.3 

10.3 

Southern 

4.0 

8.4 

6.2 

9.5 

A«»a» 

CASE II 

0.7 

0.8 

0.9 

1.1 

All India 

28.8 

49.3 

89.8 

90.0 

Eaatern 

8.9 

18.5 

24.B 

32.4 

Northern 

3.4 

8.1 

9.2 

11.9 

Central 

8.7 

11.4 

13.4 

19.1 

■eatern 

5.1 

7.2 

9.7 

12.7 

Southern 

4.0 

7.3 

9.7 

12.5 

Aeaam 

CASE III 

0.7 

0.6 

1.0 

1.4 

All India 

28.8 

57.2 

81.4 

105.3 

Eastern 

8.9 

18.6 

27.8 

36.4 

Northern 

3.4 

8.9 

10.5 

13.8 

Cent rs 1 

8.7 

13.3 

17.9 

22.8 

Western 

5.1 

8.8 

12.0 

15.7 

Southern 

4.0 

8.8 

12.1 

15.3 

Assam 

0.7 

1.0 

1.3 

1.7 
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TABLE 100 


SUMMARY OF ESTIMATES OF DEMAND 
FOR COMMERCIAL ENERGY AS SUCH BY REGION 
OIL PRODUCTS 


(Million tonnos of coal replacement) 


CASE 1 

1880/1 

1 870/1 

1975/6 

1880/1 

All India 

39.1 

84.4 

145.5 

226.5 

Eaatarn 

7.3 

18.8 

25.9 

40.3 

Northern 

3.7 

9.3 

15.9 

24.8 

Centra 1 

4. S 

17.1 

26.6 

41.8 

Western 

12.9 

20.4 

29.4 

45.7 

Southern 

9.0 

27.2 

42.7 

66.0 

Attain 

1 .7 

3.8 

5.0 

7.9 

CASE II 





All India 

39.1 

102.9 

187.8 

272.2 

Eastarn 

7.3 

18.1 

30.1 

48.8 

Northern 

3.7 

10.0 

16.6 

30.4 

Cent ra 1 

4.5 

18.1 

30.1 

48.9 

Western 

12.9 

22.8 

33.7 

54.7 

Southern 

8.0 

30.0 

49.5 

80.5 

Assam 

1.7 

4.1 

5.6 

8.9 

CASE III 





All India 

39.1 

115.5 

185.1 

319.9 

Eastern 

7.3 

20. 7 

35.4 

58.0 

Northern 

3.7 

11 .2 

21.7 

35.9 

Cent ra 1 

4.5 

'9 7 

34.6 

56.3 

Western 

12.9 

25.4 

39.2 

64.0 

Sout he rn 

9.0 

34.2 

60.0 

85.3 

Assam 

1.7 

4.3 

6.2 

10.4 
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TABLE 101 


SUMMARY OF ESTIMATES OF DEMAW) 

FOR COMMERCIAL ENERGY AS SUCH BY REGION 
ELECTRICITY 

(Million tonnes of cost replacement) 


CASE 1 

1B60/1 

1970/1 

1975/8 

1 988/1 

All India 

16.9 

41 .3 

63.4 

87.5 

Eastern 

3.7 

10.B 

18.0 

24.2 

Northern 

1 .4 

4.0 

6.8 

10.1 

Central 

1.8 

8.5 

10.2 

15.9 

Westarn 

4.0 

B.7 

12.6 

19.1 

Southern 

4.0 

to.a 

17.4 

27.0 

Assam 

- 

0.4 

0.6 

1.2 

CASE 1 1 





All indie 

IS.9 

45.3 

73.3 

118.8 

Eastern 

5.7 

0UU.I 

18.8 

30.7 

Northern 

1 .4 

4.3 

7.4 

11.8 

Central 

1.8 

7.0 

11.7 

18.9 

eastern 

4.0 

9.4 

14.0 

23.8 

Southe rn 

4.a 

12.0 

19.B 

32.1 

Assam 

- 

0.5 

0.7 

1.4 

CASE III 





All India 

16.9 

51.8 

86.8 

143.0 

Eastern 

5.7 

14.0 

22.6 

37.8 

Northern 

1 .4 

4.B 

6.5 

14.0 

Cent re 1 

1 .8 

B.O 

13.8 

22.5 

Western 

4.0 

10.8 

18.0 

29.3 

Southern 

4.0 

13.7 

23.2 

37.8 

Assam 

- 

0.5 

0.8 

1.8 
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TABLE 102 


SUMMARY OF ESTIMATES OF DEMAND 
FOR COMMERCIAL ENER6Y BY REGION 

IN ORIGINAL UNITS 

OIL PRODUCTS (1 ) 
(Million tonnes of products) 


CASE 1 

1980/1 

1 97 0/1 

1975/8 

1980/1 

All India 

8.0 

14.5 

22.4 

34.8 

Eastern 

1 . 1 

2.8 

4.0 

6.2 

Northern 

0.8 

1 .4 

2.5 

3.8 

Cent re 1 

0.7 

2.7 

4.1 

8.4 

Western 

2.0 

3.1 

4.5 

7.0 

Southern 

1 .4 

4.1 

8.5 

10.2 

Assam 

CASE II 

0.2 

0.8 

0.8 

1.2 

All India 

8.0 

15.8 

25. B 

41.9 

Eastern 

1.1 

2.8 

4 . 6 

7.5 

Northern 

0.8 

1.8 

2.9 

4.7 

Central 

0.7 

2.8 

4.6 

7.5 

Western 

2.0 

3.4 

5.2 

8.4 

Southern 

1.4 

4.8 

7.8 

12.4 

Assam 

CASE III 

0.2 

0.0 

0.9 

1.4 

All India 

8.0 

17.8 

30.0 

49.2 

Eastern 

1.1 

3.1 

5.4 

8.8 

Northern 

0.8 

1.8 

3.3 

5.5 

Cent ra 1 

0.7 

3.1 

5.3 

8.7 

Western 

2.0 

3.9 

6.0 

9.9 

Southern 

1.4 

5.2 

9.0 

14.7 

Assam 

0.2 

0.7 

1 .0 

1.6 


(1) exclusive of products used for bunkers. 

eIectr icity-jeneration and refinery losses. 
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TABLE 103 


SUMMARY OF ESTIMATES OF DEMAtC 
FOR COMMERCIAL ENERGY BY REGION 

IN ORIGINAL UNITS 
ELECTRICITY (1) 

(TWh) 


CASE 1 

1960/1 

1970/1 

1975/8 

1980/1 

All India 

16.9 

59.0 

90.6 

139.3 

Eastern 

5.7 

15.4 

22.8 

34.7 

Northern 

1.4 

5.7 

9.3 

14.4 

Cent rel 

1 .B 

9.3 

14.7 

22.8 

Western 

4.0 

12.4 

18.0 

27.4 

Southern 

4.0 

15.6 

24.9 

38.3 

Assam 

CASE II 


0.8 

0.9 

1.7 

All India 

16.9 

84.7 

104.7 

168.7 

Eastern 

5.7 

17.3 

26.9 

43.8 

Northern 

1 .4 

8.1 

10.5 

16.9 

Central 

1.8 

10.0 

16.7 

27.0 

Western 

4.0 

13.4 

21.2 

34.0 

Southern 

4.0 

17.2 

28.4 

45.0 

Assam 

CASE III 

*" 

0.71 

1.0 

2.1 

Alt India 

18.9 

74.0 

124.1 

204.4 

Eastern 

5.7 

20.0 

32.8 

53.8 

Northern 

1.4 

8.8 w 

12.2 

19.9 

Cent ral 

1 .8 

11.4 

19.5 

32.2 

Western 

4.0 

15.5 

25.7 

41.9 

Southern 

4.0 

19.5 

33.0 

54.2 

Assam 

(I) Exclusive of 
and station 

0.7 

t ransmissfon, 
losses. 

1.1 

d istr ibut ton 

2.4 
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TABLE 104 


ESTIMATES OF REQUIftEMENTS< a >OF COAL 
AT DIFFERENT RATES OF SROfTH 
(million tonnes) 


CASE 1 (7t. Growth) 

1960/1 

1970/1 

1975/6 

1980/1 

Coking Coal as such 

11.6 

21.0 

34.1 

47.1 

Non-Cok1ng Coa1 as such 

28.8 

44.6 

81.1 

78.0 

Coal for alact ricity (b) 

9.1 

16.5 

26.2 

38.3 

Total Intarnal Demand 

49.5 

62.1 

121.4 

182.4 

Net Exports and Bunksrs 

1.4 

2.2 

3.3 

3.5 

Addition to stocks 

4.2 

- 

- 

- 

Tots 1 Rsquirsment (a) 

CASE 1 1 (BV/i Growth) 

55.1 

84.3 

124.7 

185.9 

Coking Cosl as such 

11 .6 

24.1 

42.0 

82.1 

Non-Coking Coal as such 

28.8 

49.3 

09.8 

00.0 

Coa1 for electricity (b) 

9.1 

19.0 

31.0 

49.3 

Total Intarnal Demand 

48.fj3«sp, 

92.4 

142.6 

201 .4 

Net Exports and Bunkers 

1.4 

2.5 

3.5 

4.4 

Addi t ion to Stocks 

4.2 

- 

- 

- 

Total Requiremant (a ) 

CASE III (10). Growth) 

55.1 

94.9 

148.1 

205.8 

Caking Coal as such 

11 .8 

31.4 

53.2 

80.1 

Non-Coking Coal aa such 

28.8 

57.2 

81.4 

105.3 

Cua 1 for electricity(b) 

9.1 

24.4 

37.5 

60.9 

Total Internal Demand 

49.5 

113.0 

172.1 

248.3 

Net Exports and Bunkers 

1 .4 

2.8 

4.0 

5.3 

Add11ion to stocks 

4.2 

- 

- 

- 

Tote 1 Requiremant (a ) 

55.1 

115.8 

170.1 

251 .8 


(a) Production loss rejacts 

(b) Utilities and auto-producer* excluding 
I ignite. 


222. The demands for specifically coking coals 
come chiefl\ from the iron and steel industry, though 
on a smaller scale from one or two other industries. 
The remainder of the demand for coking coal comes 
from the needs of the mines themselves. The coking 
coals are principally required in industry to produce 
metallurgical coke, suitable for use in blast furnaces, 
and this implies an upper limit in the coal fed to the 
coke-o\ons of about 17% ash content. 

22.1. The peculiar problems of the Indian coal 
industry arise very largely from the high ash content 
of all i oals and from the great difficulties of signi¬ 


ficantly reducing ash content by washing, because 
the ash itself is deeply interspersed into the coal 
and not so readily separable as in most other coal¬ 
fields. The average ash content of all Indian coal 
raised in 1960/1 was about 25% and the average of 
ash content of the coking coal about 23% 

224. The washeries can be operated either on a 
2-product or on a 3-product basis. On a 2-product 
basis, giving washed coal of 17% ash, the by-pro¬ 
ducts have about a 40% ash content. On this basis, 
our Working Group has estimated that the washery 
yield will be about 55% of washed coal for metal- 
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CHAPTER 11 

Problems of Coal Supplies 


I. INTRODUCTORY 

220. In Chapter 9 the total demands for coal for and 3.5 • 5 million tonnes in 1980/1. 

internal consumption (a) were estimated at 84-116 221. The estimates of demand, as set out in 

million tonnes in 1970/1, at 125-176 million tonnes that Chapter, distinguished three different elements: 

in 1975/6 and at 166-252 million tonnes in 1980/1. the demand for coking coal as such; the demand for 

These wide differences of demands will be narrowed coals which do not need to have coking properties 

when the Government of India, on the advice of the and which in many cases are better met by specifically 

Planning Commission, has decided what rates of non-coking coals; the demand for coal for the genera- 

industrial growth it may be proper to assume. To tion of electricity. 

these figures must be added the requirements for , . . , , 

exports and bunkers; these may be put at about 2.5 (a) , » cl “ , . ,n « con " um P t ‘° n {o ' g«nerat,on of 

million tonnes in 1970/1, 3.5million tonnes in 1975/6 e ectrlC,t y• 



1950/1 1955/6 1960/1 1965/6 1970/1 1975/6 1980/1 

FIGURE 7-ESTIMATES OF COAL REQUIREMENTS 1953/4 TO 1980/1 
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lurgical use and about 45% of by-products by 1970/1. washing the coal, selling the best washed coal to the 

On a 3-product basis, there will be again about 55% industries concerned and finding other markets for 

of washed coal, about 25% of middlings with about the washery by-products. By 1970/1 some 15% of 

30% ash content and about 20% of rejects. (The the raw coal washed is estimated to be blendable 

Department of Mines and Metals, as we have indicated coal rather than parent coking coal and by 1980/1 it 

earlier, hopes for a yield of 59% in 1970/1). We have is hoped that this can be raised to about 25% in 

investigated the economic advantages of the two order to conserve the limited supplies of parent 

alternative methods and are convinced that the coking coal. 

balance of advantages lies with the 2-product system, 226. The amounts of washed coking coal shown 

so long as markets are available for the use of the in the demand estimates are expected to require the 

by-products for electricity generation and other uses. mining of the amounts of coking coal and blendable 

225. Thus, the amounts of coking coal shown coal shown in Table 105 and will yield, in addition 

as demanded in the various years can only in practice to the best washed coal, the amounts of by-product 

be provided by mining much larger amounts of coal, coals there shown. 

TABLE 105 

AMOUNTS OF COKINS COAL REQUIRED (a) 

TO BE MINED TO MEET DEMANDS FOR WASHED COAL 

(million tonnes) 



Estimated 

Of which 

Amount 

Amount 

Cor respond¬ 


Final 

demands 

of Coking 

of Coking 

ing amount 


Oamands 

for 

Coa 1 

Coa 1 

of Coking 


for 

Washed 

needed to 

needed to 

Coal By- 


Coking 

Coa 1 

be 

be washed 

Products 


Coal 


raised (b) 

(c) 

Produced (d) 

1 970/1 






CASE 1 

21.0 

IB-ACSf 

34.5 

32.9 

13.5 

CASE II 

24.1 

22.3 

39.8 

37.8 

14.5 

CASE III (e) 

31.4 

23.5 

47.8 

39.9 

16.4 

1975/8 






CASE 1 

34.1 

31.2 

61.8 

58.9 

27.7 

CASE II 

42.0 

3Bj0 

78.1 

72.5 

34.1 

CASE III 

53.2 

48.6 

98.4 

91.8 

43.2 

1080/1 






CASE 1 

47.1 

42.ff T 'T t F 

89.9 

85. B 

42.8 

CASE II 

82.1 

58.5 

118.6 

113.0 

56.5 

CASE III 

80.1 

* 72.9 

153.0 

145.8 

72. P 


(a) Includes some blendable coals lor metallurgical use. 

(b) Including amount to cover needs of the coal mines. 

(c) Assuming the following washery yields of clean 
coal: 1070/1 , 59K; 1 975/6. 53*: 1 980/1, 50*. 

(d) Includes the rejects of 3-product washeries. 

(e) See paragraph 93, Chapter 6, describing the 
proposal to feed some unwashed coal to the coke 
ovens in 1970/1 for Casa III. 


227. Although we believe the 2-product wash to shown in Table 105, therefore, include the rejects of 

be more economic than the 3-product wash, 3-product the 3-product washeries. These rejects may amount 

washeries already built or under construction will to 15% of the total by-product expected in 1970/1, 

not, of course, be abandoned. If it is economic to dropping probably to less than 5% by 1980/1 if new 

convert a 3-product washery over to the 2-product washery installations employ the 2-product method, 

method, we assume this will be done. The by-products (See Table 106). 
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TA8LE toe 


USABLE BY-PRODUCTS AVAILABLE 
FROM WASHIN6 COKING AND BLENDABLE COALS 
(mil lion tonne») 



Total By-Products 

01 which: 

Us a b I a 


Ava i labia 

Ra)ec t s 

By-Products 

1970/71 




CASE 1 

13.5(16.6) 

2 0(2.5) 

11.5(14.1) 

CASE 1 1 

14.5(18.2) 

2.2(2.7) 

12.3(15.5) 

CASE III 

16.4(22.8) 

2. 9(3.4) 

13.5(19.4) 

1 975/15 




CASE 1 

27.7 

2.8 

24.9 

CASE II 

34.1 

3.4 

30.7 

CASE III 

43.2 

4.4 

38.8 

1980/81 




CASE 1 

42.8 

2.9 

39.9 

CASE II 

56.5 

3.5 

53.0 

CASE III 

72.9 

4.5 

68.4 


Note: Figures in brackets shoe the results if 
the washery yield is assumed to be 55% 
rather than 59% and il all coal for Iron 
and Steel is washed. 


228. If as we indicate, there are likely to be 
11-14 million tonnes of coking coal by-products in 
1970/1 and possibly 25-39 million tonnes in 1975'6, 
how can these best be used to the advantage of the 
Indian economy? The washery by-products are not 
only high in ash content, they are also inevitably as 
the result of the washery process crushed to small 
size. There are relatively few uses to which in 
practice they can be put, almost all unfortunately 
outside the normal uses of coking coal: they can be 
used for thermal generation of electricity; they can be 
used for brick-making; they may be used, less ad¬ 
vantageously, and with some difficulty for cement 
manufacture. Because of their small size and high 
ash content, the washery by-products cannot at all 
easily be used for making a domestic fuel. 

It seems likely, therefore, that some of the normal 
and traditional markets for non-coking coals, will in 
fact be invaded during the coming years by the coking 
coal by-products. 

229. The demands lor non-coking coal are set 
out in Table 107. As here set out they include all 
the demands for coal which can be satisfied cither 
by non-coking coal as such or by coking-coal by¬ 


products. As we have said earlier, the market for 
the two is a single one. 

230. There is a similar problem, however, in 
regard to the non-coking coa’ls to that which we have 
just described in relation to coking coals. It is dif¬ 
ficult or impossible to mine these without producing 
a relatively high proportion - generally put at about 
30% - of small coal and slack which is not readily 
usable by ordinary consumers of non-coking coals. 
We will expand on this particular problem later in 
this Chapter. These lower grades of the non-coking 
coals would, in normal circumstances, have found 
possible markets in the same industrial uses - thermal 
generation of electricity, brick-making, cement manu¬ 
facture - into which the coking coal by-products 
seem likely to force themselves. 

231. It is already becoming evident that India 
is simultaneously short of higher grade coals and 
almost continuously in surplus of lower grade coals, 
slack and by-products. As the steel industry expands 
and this results in increasing volumes of by-products 
from coking coals, this problem is likely to become 
more acute. 
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TABLE 107 


AMOUNTS OF NON-COKING COAL REQUIRED (a) 

(million tonnes) 


CASE 1 (7« Growth) 

1 980/1 

1970/1 

1975/8 

1980/1 

For Consumption as such 

28.8 

44.8 

61 . 1 

78.0 

For Thermal Plants (b) 

9.1 

5.0 

3.0 

1 .0 

Net Export and Bunkers 

1.4 

2.2 

3.3 

3.5 

Totel Requirement 

CASE II (Growth) 

39.3 (c) 

51.8 

87.4 

80.5 

For Consumption as such 

28.8 

49.3 

89.6 

90.0 

For Thermal Plants (b) 

9.1 

8.7 

3.0 

1 .0 

Net Exports and Bunkers 

1.4 

2.5 

3.5 

4.4 

Total Requirement 

CASE III (10» Growth) 

39.3 (c) 

58.5 

78.1 

95.4 

For Consumption as such 

28.8 

57.2 

81.4 

105.3 

For Thermal Plants (b) 

9.1 

10.9 

3.0 

1 .0 

Net Exports and ‘Bunkers 

1.4 

2.8 

4.0 

5.3 

Total Requirement 

39.3 (c) 

70.7 

88.4 

111 .6 

(a) Assuming 

a 11 slack coa 1 

to be 

ut i 1 i zed. 


(b) Utilities 

and auto-producers i 

sxc lud i ng lignite. 



(c) Excluding stock changes. 


232. The problem can be solved, if at all, only 
by providing more powerful incentives than yet exist 
to induce not only power-station operators, but also 
all other industrial users of coal to install the suit¬ 
able boilers and equipment to make use of the lowest 
grade coals, wherever that is technically possible, 
in preference to higher grade coals; the incentives 
must be sufficient to justify the not inconsiderable 
extra costa, in many cases, of using lower grade or 
high-ash-content coal. That will almost certainly re¬ 
quire some very drastic rethinking of the pricing 
policies for coal to be adopted. If there is a prospect 
that the lowest grades of coals and by-products will 
be unsaleable, clearly the washed coal will have to 
bear all, or almost all, of the costs of mining, trans¬ 
portation to washery, washing and delivery. The by¬ 
product coals will have to sell for what they can 
command in the markets open to them. Since the work 
of our Committee began, we understand that steps 
have been taken to decontrol by-product coals and to 
allow their prices to find their own levels. This is 
exactly in accord with our thinking. 

233. But if, as we believe, it is likely to be the 
case that there will sooner or later be a surplus, the 
opportunity cost of the by-product or waste coals 
to any industry or sector that can use them is, from 
a national point of view at least, zero or approaching 
zero. In the planning of electricity generation, for 
example, it may be proper, as we have done, to regard 
by-product coals as potentially available at zero cost 
when calculating the relative advantages of hydro 


or thermal generation, if the conditions ure such that 
there is likely to be a surplus of either by-products 
or waste non-coking coals. 

234. Given an appropriate pricing policy, we 
believe that some of the problems of absorbing the 
prospective surpluses of small coals and by-product 
coals may prove to be less difficult than in the first 
stages of our enquiry we had come to suppose. Valu¬ 
able evidence on this has been provided by an in¬ 
vestigation made by the Coal Transport Study Team 
of the World Bank Mission. They have made a series 
of comparisons of the respective costs of meeting the 
coal demands of various power stations outside the 
Bengal area, on the one hand by mining and (where 
■necessary) transporting the nearest coal from one of 
the outlying coal fields and on the other hand by 
transporting by-product coals from washeries in the 
Bihar-Bengal area. We have made minor adjustments 
to their calculations of both transport and mining 
costs to reflect the 10% rate of return and 33% sur¬ 
charge on imported components which (see paras 342 
and 343 below) we have assumed throughout our cal¬ 
culations. It will be seen that at a distance as great 
as that of Satpura (1100 km.) there is a difference of 
Rs 6.5 per tonne between local coals and by-products 
potentially available at zero cost in favour of the 
latter. I'hus the competitive value that can be as¬ 
signed to the by-product coal used at Satpura is ap¬ 
proximately Rs. 6.5 per tonne. In other words, so 
long as there is a surplus of by-product coal it would 
be economic to use it not only at Satpura but also at 
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distances from the Bihar-Bengal washeries even 
greater than that to Satpura. Alternatively, so long as 
the de-controlled price of by-products is less than 


Rs. 20 (which seems probable) it would pay to use 
by-product coal at a station situated like Kanpur. 
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235. While there are these very serious problems 
of fully utilising the lower grades of available coal, 
both coking and non-coking, there are rapidly growing 
demands for higher grades. And even if a revision of 
pricing policy may succeed in making better use of 
the lower grades and thus direct some demand from 
the higher grades, the increases of outputs both of 
coking and of non-coking coa - ls that will be needed 
are great and will require an energetic expansion of 
the industry. 

II. THE PRESENT STRUCTURE OF THE INDUSTRY 

236 In 1960/1 the Indian coal industry as a 
whole produced a little over 56 million tonnes of 
coal. Of this almost 16 million tonnes came from 
Public Sector mines and about 40 million tonnes from 
Private Sector mines. About 41 million tonnes came 


from the Bengal-Bihar coal-field; about 14 million 
tonnes came from the outlying coal-fields. Of the 
latter, the biggest contributors were the coal-fields 
of Madhya Pradesh (6.2 million tonnes) and of Andhra 
(about 2.6 million tonnes); smaller coal-fields in 
Assam, Orissa, Maharashtra, Rajasthan and Jammu 
and Kashmir produced the remainder. 

237. Thus the Eastern Region, as we have de¬ 
fined it, produced about three quarters of the nation’s 
coal. It produced the whole of the nation’s supply of 
coking coal. 

238. Of the total supply, only 4.7% came front 
deep underground mines (at depths of over 305metres); 
these deep mines were wholly in the Private Sector. 
Of the remaining 95.3%, shallow underground mines 
(at depths less than 305 metres) produced 74.5% and 
open-cast workings, in which the Public Sector pre¬ 
dominates, produced 20.8%. 


TABLE 108 

COAL PRODUCTION (c) 
1960/1 

(million tonnes) 




COKING 



N0N- 

COKING 



TOTAL 



FIELD 


Shallow 
under¬ 

Deep 

under¬ 

Total 

Open 

Shallow 
unde r- 

Deep 

under 

Total 

Open 

Sha11ow 
under¬ 

Deep 
unde r - 

Total 

Open 

Cast 

ground 

(a) 

ground 

<b) 


Cast 

ground 

(a) 

ground 

(b) 


Cast 

ground 

(a) 

ground 

(b) 


1. Bengal - Bihar 

a) Public Sector 

3.57 

0.72 

_ 

4.29 

2.5 

3.19 

- 

5.69 

6.07 

3.91 

- 

9.98 

b) Private Sector 

0.B8 

11.92 

- 

12.60 

0.86 

15.18 

2.60 

18.74 

1.64 

27.10 

2.60 

31.34 

Total for (1) 

4.25 

12.84 

- 

18.89 

3.46 

18.37 

2.80 

24.43 

7.71 

31 .01 

2.60 

41.32 

2. Out lying Fields 

a) Public Sector 

- 

- 

- 

- 

1.15 

4.84 

- 

5.79 

1.15 

4.84 

- 

5.79 

b) Private Sector 

- 

- 

- 

- 

2.74 

8.85 

- 

8.59 

2.74 

5.85 

— 

8.59 

Total for (2) 

- 

- 

- 

- 

3.89 

10.49 

- 

14.38 

3.88 

10.49 

- 

14.38 

Total for (1) + (2) 

4.25 

12.84 

_ 

18.89 

7.35 

28.86 

2.60 

38.81 

11.60 

41 .50 

2.60 

55.70 


(a) Shallow underground indicates lass than 305 mater (1000') depth. 

(b) Deep underground indicates over 305 meters (1000') depth. 

(c) Compiled from data supplied bv Coal Board. 


239- More deep shaft mining will probably be 
required in future as better qualities of coal are re¬ 
quired to satisfy the metallurgical needs and other 
special needs of industry. Deep shaft mining has not 
been appreciably expanded in the past and it is 


probable that increased incentive will be required to 
encourage the private sector to make the heavy in¬ 
vestments that are necessary; if such incentives are 
not to be provided,this type of mining will have to be 
undertaken by the public sector if the requirements 
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for these coals are to be satisfied. Pricing policies 
to create incentives for the right type of mining are 
discussed in Chapter 15. 

240. The whole of the nation’s coking coal, 
wherever consumed, came from the Bengal-Bihar coal¬ 
fields. The distribution of non-coking coal was, how¬ 
ever, more complex. The figures for 1960/1 are set 
out in Table 110. It will be seen that no single 
region of India, regarded as a whole, was in surplus 
of non-coking coal except the Eastern Region. The 
Western Region, covering Maharashtra and Gujarat, 


was heavily dependant - to the extent of 6.4 million 
tonnes, on imports from outside the Region. These 
could be .partly, but by no means wholly, met by the 
whole surplus of Madhya Pradesh, amounting to about 
2.9 million tonnes. But a large part of the deficit of 
the Western Region and the whole of the deficit of the 
Southern Region had to draw, directly or indirectly, 
on the supplies of the Bengal-Bihar coal-fields. Very 
long coal hauls were an inevitable consequence of 
the geographical distributions of demand on the one 
hand and of available coal on the other. 


TABLE 110 

REGIONAL DISTRIBUTION OF PRODUCTION 
AND CONSUMPTION OF NON-COKINS COAL 
1900/1 

(mi 11 ion tonnes) 


Region 

Product ion 

Consumpt ion 

Stock 

change 

Bunkers 

Net Export from 
the Region (-) or 
Net Import from 
outside the 

Region (♦) 

Eastern 

29.07 

11.82 

-2.01 

-0.08 

-15.18 

No r the rn 

0.05 

3.84 

- 

- 

* 3.59 

Cent ra 1 

6.74 

7.99 

-0.44 

- 

< 1.69(a) 

Western 

0.82 

7.20 

-0.01 

-0.01 

* 6.40 

Souths rn 

2.57 

4.76 

-0.01 

-0.05 

+ 2.25 

Assam 

0.70 

o.erf 

*0.01 

— 

- 0.04 


(a) Net import of Region as a whole, composed of net 
import by Uttar Pradesh of 4.58 million tonnes 
and net export by Madhya Pradesh of 2.80 million 
tonnes. 


241. Mechanisation of the coal industry is still fering very little scope for intensive mechanisation, 

in its infancy in India and the problem of a very has contributed appreciably to the static level of 

large number of small and fragmented holdings, of- productivity. 


TABLE 111 

DISTRIBUTION OF COAL MINES 
BY SIZE 1962 


Month 1 
i n 

y Production 

Tonnes 

No. of Mines 


- 100 

146 

101 

- 300 

38 

301 

- 600 

58 

601 

-1000 

39 

1001 

- 2500 

169 

2501 

- 5000 

101 

5001 

-10000 

129 

10001 

-20000 

108 

Above 

20,000 

59 


Tot a 1 

851 


102 



242. Labour supply as well as mechanisation 
has an important bearing on the achievement of ex¬ 
pansion of coal production and also on economic 
mining of coal. Labour is inexpensive and plentiful 
in India as compared toother coal producing countries, 


but because of the low level of mechanisation the 
productivity in Indian mining remains very low. Many 
of the physical problems of expanding coal mining 
could be greatly reduced if labour productivity could 
be increased. 


TABLE 112 

OUTPUT PER MAN-SHIFT 
IN COAL MINES OF SELECTED COUNTRIES 


1963 

(tonnes per man-shi It) 


U.S.A.(a) 


11.32 

U. K. 


2.16 

France 


1 .99 

lest Germany 


2.54 

Be Igium 


1.88 

Ne the r lands 


2.24 

Ind i a 


0.50 

(a) 1958; many mines 

have attai 

ned 

50 tonnes and are 
100 tonnes. 

aiming at 



III. PROSPECTIVE PATTERN OE 1970/1 

243. If one looks forward to 1970'1, one may 
regard the whole demand for non-coking coal as such 
together with that for coal for electricity, as forming 
one single market to be met by the total of supplies 
of non-coking coals and of the coking coal by-pro¬ 
ducts. The total of demand that we have estimated on 
the basis of alternative rates of industrial growth may 
thus be compared with the potential supplies. In 
Table 113 we show the estimated total demands for 


1970'l, the potential supplies of non-coking coal 
by-products in 1970/1, and the present working esti¬ 
mates of coal production in 1965/6; the gap, if any, 
between these figures and the potential demands indi¬ 
cates the scope for expansion before 1970 T. It will 
be seen that, on the supposition that all the coking 
coal by-products are to be absorbed and that all 
non-coking coal slack that is raised cun be utilised, 
there is in reulity little room for expansion of the 
non-coking coal production in even the most favour¬ 
able case. 
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TABLE 113 


ESTIMATED DEMANDS AND SUPPLIES FOR NON-COKING COAL AS SUCH 
AND FOR/ELECTRICITY GENERATION BY REGION 

1 97 0/1 

(million tonnes) 



Es timated 

Estimated 

Total 

Estimated 

1963 

Difference 


Interna 1 
Demand for 
Non-Coking 
Coal as 
such. 

Demand 
(or Coal 
for Elec¬ 
tricity 
Generation 

Demand 

Supp 1 iet 
of Coking 
Coal By- 
Products 
in 1970/1 

Govern¬ 
ment Es- 
t imat es 
of Out¬ 
put of 

Non- 
Coking 

Coal in 
1965/6 

between 
Col. 4 ♦ 5 
end Col. 3 
Surplus t 
Deficit- 

CASE 1 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

All India 

44.6 

16.5 

61.1 

11.5 

65.8 

♦ 18.0 

Eastern 

15.2 

10.3 

25.5 

11.5 

45.8 

+ 31.6 

Northern 

5.7 

0.6 

6.3 

- 

0.1 

- 6.2 

Cent ra 1 

10.2 

4.5 

14.7 

- 

14.3 

- 0.4 

Western 

6.3 

1.1 

7.4 

- 

0.9 

- 8.5 

Southern 

6.4 

- 

6.4 

- 

4.0 

- 2.4 

Assam 

CASE II 

0.6 

— 

0.6 

— 

0.7 

- 0.1 

All India 

49.3 

19.0 

88.3 

12.3 

65.6 

♦ 9.6 

Eastern 

18.5 

12.& 

28.6 

12.3 

45.8 

♦ 29.3 

Northern 

8.1 

0.9 

7.0 

- 

0.1 

* 8.8 

Cent ra 1 

11.4 

4.2 

15.8 

- 

14.3 

- 1.3 

Western 

7.2 

1.8 

9.0 

- 

0. 0 

- 8.1 

Southe rn 

7.3 

- 

7.3 

- 

4.0 

' 3.3 

Assam 

CASE III 

0.8 

- 

0.8 

- 

0.7 

- 0.1 

All India 

57.2 

24.4 

81.6 

13.5 

65.6 

- 2.5 

Eastern 

18.8 

17.7 

38.3 

13.5 

45.8 

♦ 22. B 

Northern 

8.9 

1.3 

8.2 

- 

0.1 

* B.1 

Cent ra 1 

13.3 

3.8 

16.9 

- 

14.3 

- 2.8 

Western 

8.8 

0.4 

9.2 

- 

0.9 

- 8.3 

Southe rn 

8.6 

1.4 

10.0 

- 

4.0 

: 8.0 

Assam 

1.0 

- 

1 .0 

— 

0.7 

* 0.3 


244. It is far from certain, however, that all the 
coking-coal by-products and the non-coking slack 
can find use. If necessary, as we have shown above, 
such coal can be competitive, if moved in closed- 
circuit train-loads, at distances as great as 1100 km 
from the coal-mine or washery. The present expecta¬ 
tion is that all the coking-coal by-products will be 
absorbed within the limits of Bihar and West Bengal 
in 1970/1. But in aggregate the output of by-products 


and non-coking slack coal is likely by 1970/1 to 
exceed the total demand for coal for generation of 
electricity and in subsequent years to exceed it by 
an increasing margin. In 1970/1 the by-product or 
slack coals together can supply roughly four-fifths 
of the coal requirements of thermal plants, assuming 
that all new plants are designed (as is now intended) 
to use high ash coal. But many of the older stations 
do not have boilers and boiler-house equipment that 
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is suitable. The question remains, therefore, of the 
use to which non-coking slack can be put, to the 
extent that it cannot be used in thermal electricity 
stations. The chief potential uses are brick-making 
and the manufacture of cement. Unfortunately the 
statistical evidence regarding use of coal for brick¬ 


making is almost non-existent; at a low enough price 
perhaps 4 million tonnes can find its way into this 
use by 1970/1. We have made estimates of the prob¬ 
able absorption of slack coal in these and other uses. 
Our estimates are given in Table 114. 


TABLE 114 


UNUSED SLACK NON-COKING COAL AM) 
BY-PR00UCT COAL OP COKING COAL WASIERIES 
(mi 11 ion tonnes) 



1970/1 

1 975/B 

1980/1 

CASE 1 




Usable By-Product 

11.5 

24.9 

39.9 

Slack 

15.6 

20.2 

24.2 

Total 

27.1 

45.1 

84.1 

Estimated to be 
consumed (1) 

25.4 

38.3 

55.4 

Unused 

2.7 

6.8 

8.7 

CASE II 




Usable By-Product 

12.3 

30.7 

53.0 

Slack 

17.5 

22.8 

28.8 

Total 

29.6 

53.5 

81.6 

Estimated to be 
consumed (1) 

29.1 

45.7 

70.5 

Unused 

0.7 

7 . B 

11.1 

CASE III 




Usable By-Product 

13.5 

38.8 

08.4 

Slack 

21.2 

28.5 

33.5 

Total 

34.7 

65.3 

101.9 

Estimated to be 
consumed (1) 

34.7 

55.4 

80.7 

Unused 

- 

9.9 

15.2 

0) 

Thermal Plants, 

Brick Burning, 



Cement Plants and Other. 


245. It will be seen that, assuming that every 
effort is made to increase the absorption of these 
lower grade coals by deliberate design of electricity 
generating stations to use them and by adopting 
price policies to encourage their use, the surplus in 
1970/1 may be negligible. But by 1975/6 and 1980/1 
we expect the problem to be increasingly serious. It 
will, moreover, be necessary to assume that a part 


of the coal raised (if the slack ratio remains at 30% 
or increases) will not be suitable to meet the demand 
for non-coking coal and additional raisings will be 
necessary to cover this, and these raisings will in 
turn add to the surplus of slack coal. When allowance 
is made for this, we reach the estimates of raisings 
and of surplus by-products or slack non-coking coal 
shown in Table 115. 
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TABLE 115 

TOTAL RAISINGS REQUIRED AND SURPLUS 

(mi I lion tonnes ) 


CASE 1 

1 970/1 

1 975/8 

1980/1 

Caking Raisings 

34.5 

81.8 

89.9 

Non-Coking Raisings 

54.2 

74.7 

90.6 

Total Raisings 

88.7 

136.5 

180.5 

Consumed 

84.3 

124.7 

165.9 

Surplus ^ 

4.4 

11.8 

14.8 

Of Which: Usable 

2.4 

9.0 

11.7 

CASE II 




Coking Raisings 

39.8 

76.1 

118.6 

Non-Coking Raisings 

59. 5. 

83.4 

104.5 

Total Raisings 

99.1 

159.5 

223.1 

Consumed 

94.9 

146.1 

205.8 

Surplus ^ 

4.2 

13.4 

17.3 

Of Which: Usahle 

2.0 

11.0 

13.8 

CASE III 




Coking Raisings 

47, JtVos 

9B.4 

153.0 

Non-Coking Raisings 

70.7 

96.4 

121.2 

Total Raisings 

118.5 

192.8 

274.2 

Consumed 

115.8 

176.1 

251.6 

Surplus (a) 

2.9 

16.7 

22.6 

Of Which: Usable 

- 

12.3 

18.1 

(a) The 
coal 

surpluses shown inc1 
washeries as shown 

ude the rejects 
in table 1 DO. 

of 


246. Even if the fullest use of such coals is 
made for electricity generation, brick- making and 
manufacture of cement, we see no complete solution 
unless a satisfactory method can be evolved for 
enabling these coals to serve the growing domestic 
market that we expect. We recommend that the Central 
Fuel Research Institute be asked as a matter of 
urgency to study and report on all possible ways in 
which the needs of the domestic market might be 
served by some one of various alternative processes 
of briquetting, coke making, gasification or otherwise. 
We believe the problem should be capable of solution 
at prices competitive with other forms of domestic 
fuels. If this can be done, the problem of unused 
surplus coal may disappear. But we must emphasise 
that the magnitude of the problem very much depends 
on the requirements of the iron and steel industry for 
coking coal. Anything that can be done by that in¬ 
dustry to reduce its demands for coking coal by re¬ 


ducing the coke/pig iron ratio (sec paras 86-91 above) 
will automatically reduce the surplus. 

247. In order that normal users of higher grade 
non-coking coals may be adequately supplied, it will 
probably, therefore, be reasonable to plan for ap¬ 
preciably larger outputs than would give an exact 
balance in Table 113. But that Table serves to show 
the considerable strains that may be involved in 
fitting the prospective future volume of by-product 
coal into the market. There are certain features of 
that Table to which attention should be drawn. 

248. As in 1960/1, the pattern seems likely, even 
with the higher production in the outlying fields, 
planned for 1965/6, to show all Regions apart from 
the Eastern Region in deficit. It again seems likely 
that, even if the separate surplus of Madhya Pradesh 
is of the order of 9 million tonnes, that the Western 
Region will need to draw substantially from the 
Eastern Region and that the Southern Region will 
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also have to depend, directly or indirectly on sup¬ 
plies from the Eastern Region. Thus long coal hauls 
seem certain to remain necessary for the marginal 
coal required to balance the demands and supplies 
of all Regions. It is in the Eastern Region, and in 
the nearer markets of Uttar Pradesh and the Northern 
Region, that the supply of coking coal by-products 
will make itself felt most acutely. 

249. If, as we expect, by-product coal can be 
economically railed to thermal plants as far as 
Satpura and even further, the longer-term prospects 
of the programme to open the outlying coal fields for 
low quality non-coking coal will almost certainly need 
to be most carefully reconsidered. If India can find 
the opportunity to develop new energy intensive 
industries by the very cheap generation of electricity 
and its use, possibly on a high plant factor, to provide 
exports, then it may conceivably be possible for the 
by-products to be totally absorbed in the Bengal- 
Bihar region in the longer term as well as in the 
shorter; in these circumstances the • prospects for 
opening the outlying coal fields to serve thermal 
electricity stations would be more favourable. A 


cursory examination of possible energy intensive 
industries has been made by a member of our team, 
and his study is available to the Government of India. 

IV PROSPECTS FOR 1975/6 

250. If one looks forward past 1970/1 the 
problems of absorbing coking coal by-products and 
competing low grade non-coking coals seem likely to 
continue, but the areas of manoeuvre are greater. It 
should be possible in the next phases of planning the 
development of electricity supplies to give even 
greater consideration to the siting of power plants 
where they can make full use of cheap by-product 
coal; consideration can also' be given to the possi¬ 
bilities of long distance transmission of electricity 
rather than the railing of by-product coal on the one 
hand or the use of non-coking coal from newly opened 
mines on the other. These are issues that will be 
discussed in Chapter 13 where we deal with electricity 
supply. Our final estimates of the consumption of 
coal in electric plants at different dates are given is 
Table 116 below. 


TA8LE 118 

ESTIMATED CONSUMPTION OF COAL IN THERMAL PLANTS 



1880/1 

(ni 11 Ion tonnes) 
1870/1 

1875/B 

188D/1 

ALL INDIA 

CASE 1 

Non-Coking 


5.0 

3.0 

1.0 

By-Product 


11.5 

23.2 

38.3 

Total 

8.1 

16.9 

2B.2 

38.3 

CASE II 

Non-Coking 


9.7 

3.0 

1.0 

By-Product 


12.3 

28.0 

48.3 

Total 

8.1 

18.0 

31.0 

48.3 

CASE III 

Non-Coking 


10.8 

3.0 

1.0 

By-Product 


13.5 

34.5 

58.8 

Total 

8.1 

24.4 

37.5 

00.8 


In addition, 

the Neyveli plant will 

require the 



following amounts of lignits: 


TABLE 117 

ESTIMATED CONSUMPTION OF LIBNITE IN THERMAL PLANTS 



1880/1 1870/1 

(ai 111 on tonnes) 

1875/0 

1880/1 

CASE 1 

1.8 

4.7 

8.6 

11 

3.7 

4.8 

8.6 

III 

3.8 

5.3 

6.6 


(1) Preliminary Examination of Selected Energy-Intensive 
Industries in India, 6 December 1963, Lowell J . Chawner. 
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251. Our estimates of the demand for coal for 
use in thermal plants are considerably less than 
those usually set forth in India, partly because of the 
lower electricity demands as estimated by us, but 
partly because there has been widespread use in 
India of an empirical formula which implies that it takes 4 
tonnes of coal per kW of installed thermal capacity 
per year. The figure is misleading because it does 
not appear to take account of improved thermal ef¬ 
ficiencies that are imminent and because of the con¬ 
fusion that sometimes exists between plant factor 
and load factor. 

252. We have explored this subject exhaustively 
and, even under the most pessimistic conditions, we 
find that less than an average of 3D tonnes of coal 
per kW would be used in the next plan period in all 
coal-burning steam stations, old and new. We have 
assumed an average thermal plant factor (not load 
factor) as high as 55% as against 41% now and a 
gross thermal efficiency of 30% which we believe to 
be easily attainable having regard to the new plant 
that is expected to be installed. Our calculations are 
based on coal having an average calorific value of 
around 4500 Real. Even in 1960/1 with a thermal 
plant efficiency of only 20%, but with a lower plant 
factor and a higher calorific value of coal, less than 
3 tonnes per kW were used. It is only in very extreme 
conditions, if an exceptionally well integrated thermal- 
plant/hydro-plant complex was installed with ade¬ 
quate interconnections which would permit the entire 
thermal plant system to operate at close to 75% plant 
factor, while the hydro system was used almost 
solely for peaking, that we would expect anything 
approaching 4 tonnes of coal per kW of installed 
thermal plant capacity. In our view any empirical 
formula expressing coal consumption per kW of in¬ 
stalled capacity is not reliable and will yield mis¬ 
leading results; a simple but rigorous calculation, re¬ 


lating coal use to kWh generated rather than to level 
of installed capacity, iB required for each individual 
situation, in which the plant efficiency, kilowatt 
hours used and calorific value of the coal are all 
considered. 

V. RESERVES OF COAL 

253. While these problems of adaptation of the 
pattern of coal output to the changing needs of the 
nation are thus likely to continue, the problems of 
the Indian coal industry are not, as in so many coun¬ 
tries, the problems of retreat in the face of the ad¬ 
vance of the oil-based economy but rather the prob¬ 
lems of orderly advance. 

254. The best estimates that we can make, until 
the Planning Commission is able to determine the 
probable rate of growth to be used as a basis for 
planning, are that by 1975/6 the amounts of coal 
likely to be required are 150 t 25 million tonnes, and 
that by 1980/1 there will be needed 200 ± 50 million 
tonnes. 

255. Of the 1975/6 output about 80 ± 15 million 
tonnes will be required in the form of coking coal. 
Of the 1980/1 output about 120 ± 30 million tonnes 
of coking coal will be required. 

256. The available reserves of coking coal are 
a matter of much dispute. There have been, and still 
are, grave fears that the reserves of coking coal are 
seriously inadequate to the growing needs of a 
modern, steel-based, economy. We set out, therefore, 
the essentials as we understand them, based on a 
recently completed Coal Board “seam by seam” 
analysis of the Jharia coal-field, which contains al¬ 
most the whole of India’s reserves of coking coal. 
Excluding the Barren Measures and the Raniganj 
series of the Jharia coal-fields, the following is ar 
evaluation of the coking coal reserves: 


TABLE H8 

RESERVES OF C0KINQ COAL 


(million tonnes) 


Seams IX/X to XVIII 



Proved 

Indiceted 

Infer red 

Tota 

Down to 810 met res 
(2000 ft. ) 

2910 

2504 

786 

5800 

610 metres to 

1220 metres 
(4000 ft.) 

11 

408 

1820 

2237 

Total to 1220 met res 
(4000 ft. ) 

2521 

2910 

2806 

8017 


These estimates are inclusive of solid reserves, coal 
standing in pillars and locked up coal. Of the re¬ 


serves above 610 metres the solid reserves represent 
about 80%. 
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257. What is most in dispute is what proportion 
of this coal can be mined. The coal occurs in very 
thick seams, which are difficult to mine, and it has 
in the past been customary to leave large amounts of 
coal in pillars. The present rate of recovery is only 
about 40%. It will clearly be necessary to make care¬ 
ful studies of possible ways in which, in the future, 
the rute of recovery may be increased and, if practic¬ 
able, more coal may be removed from pillars in ex¬ 
isting mines. We understand that attention is already 
being devoted to this, but we think we should em¬ 
phasise its very great importance. We have already 


drawn attention to the fact that, of the total of coking 
coal mined, only about 50% becomes available as 
washed coal for feeding to the coke-ovens. 

258. It is, however, practicable to add to the 
coking coals an addition of 25% of washed blendable 
coals (which are treated for statistical purposes as 
non-coking coals). On that basis, and making the 
two assumptions of 50% recovery and 50% washery 
yield, the total available reserves down to 610 metres 
will provide the following out-turn of metallurgical 
coking coal of 17% ash content: 


TABLE t)9 

USABLE RESERVES OF COKING COAL 

Mined Coking Coel - 50V, of 5,800 million tonnes = 2,900 million tonnes 
Washery yield - 50V, of 2,900 million tonnes = 1,450 million tonnes 

Addition of a 

Blendable Coal - 25V, of 1,450 million tonnes < 380 million tonnes 

Total of Available metallurgical colling coal : 1,810 million tonnes 

This disregards the further reserves between 610 metres and 
1220 metres. 


259. We believe that it would be conservative 
to estimate an average use of 0.9 tonnes of washed 
coal per tonne of pig iron between the present and 
the year 2000. If over this period an average of 50 
million tonnes a year of pig iron were produced, the 
amount of metallurgical washed and blended coal re¬ 
quired would be about 1800 million tonnes, and would 
come neur to exhausting the reserves above 610 
metres on the perhaps conservative assumptions that 
we have made. 

260. The Department of Mines and Metals are 
convinced that, with stowing, it will be possible 
to raise the recovery ratio to about 75%. If so, the 
above estimate of reserves would be increased by 
50%, to about 2700 million tonnes, and they would 
cover, with growing demands, perhaps 70 years ahead. 

261. There is a real problem of the adequacy of 
the coking coal reserves to maintain the Indian 
economy far into the next century and there is every 
reason to explore means of economising coking coal, 
of raising recovery rates and, if possible, evolving 
new methods of ash removal. But we do not feel 
grave fears for the next 60-70 years in view of the 
further reserves below 610 metres. Though the re¬ 
serves of coking coal are far from plentiful, they are 
not as inadequate as has sometimes been suggested, 
even if no new cokine coal measures are discovered. 

262. The Government of India is understood to 
be giving thought already to the possible advantages 
of importing relatively small quantities of coking 
coal to meet the needs of steel plants in the South 
of India. If washed coking coal has in fact during 


the coming years to bear almost the whole cost of 
the mining and washing, it becomes economic, or 
nearly economic, at present prices to import coke or 
coking coal from outside India rather than make it 
locally from Indian coals, even on the assumption 
that we have adopted elsewhere in this report that 
for planning purposes a foreign input should be valued 
with a 33% addition. If coke made from imported coal, 
with around 8% to 11% ash content in the coke, be 
substituted even at considerably higher cost for the 
Indian coke with 23% ’ash content, the increased 
throughput of furnaces, the decidedly lower coke 
rate and the lower limestone costs might give a net 
economy on the whole operation. 

263. The reserves of non-coking coal are very 
much more ample. In total they probably amount to 
some 115,000 million tonnes. On any basis of prob¬ 
able consumption they do not present grounds for 
fear over the next century or more at all comparable 
to the fears that have been held regarding the ade¬ 
quacy of coking coal. 

264. The known non-coking coals are, however, 
confined to certain limited areas of India, though 
these areas are being enlarged by new discoveries. 
The attached map, (Figure 8), marking the known coal¬ 
fields, shows clearly the way in which the coal¬ 
fields are in the main clustered round the area of 
Bihar, West Bengal, Orissa and Eastern Madhya 
Pradesh. There are further coal-fields in the Godavari 
Valley on the northern border of Andhra. But there is 
no known coal south of the River Krishna nor, except 
in negligible quantities, west of a line joining Delhi 
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to Cape Comorin. Thus, even if known coal-fields 
are fully developed, large parts of industrial India 
are almost certainly condemned to remain remote from 
any coal-field. 

265. The strategic longer term problems of coal 
development are principally those of expanding at an 
appropriate rate the production of coal in such quanti¬ 
ties and areas as will best meet these longer term 
demands. The under-estimation of the extent to which 
the planned expansion of coking coal to meet the 
needs of the iron and steel industry might have re¬ 
percussions on the demands for non-coking coal, and 
the over-estimation of the probable increases of 
other demands, have implied that, for a few years 
ahead, the plunned expansions of non-coking coal 
output may need to be slowed down. But it is a matter 
only of timing. By 1975 and 1980 very much larger 
amounts of non-coking coal will be required. By that 


time there can be no question of the advantage of 
expanding to the greatest practicable extent the pro¬ 
duction of the coal nearest to the growing markets 
of the South and West Regions. 

266. But it will still remain true that the cok¬ 
ing-coal washery by-products will be constantly avail¬ 
able in rapidly increasing volume to provide a main 
source for covering the needs of electricity generation. 
They will, however, inevitably be available in the 
coking-coal areas of the Eastern Region. Decisions 
regarding the most economic methods and locations 
of electricity generation, and transmission will have 
continually increasing repercussions on the relative 
advantages of developing the outlying coal-fields. 
We discuss them in more detail in a later chapter. 
These problems will need to be kept under continuous 
review. 
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CHAPTER 12 
Problems of Oil Supplies 


I SUPPLIES IN 1960/1 


267. In terms of the replacement ratios which 
we have used and which we believe measure more ac¬ 
curately than other methods of conversion the ef¬ 
fective contribution of each form of energy, India in 
1960/1 derived about 40% of her commercial energy 
from oil products, and about 16% of her total energy, 
both commercial and non.-eommercial. Thus, already 
India has a much greater dependence on oil products 
than appears from the usual statistics. 

268. By 1970/1, on the basis of our estimates, 
that dependence is likely to increase, if supplies 


can be made available, to about 23% of total ''in tgy. 
Bv 1980/1, the dependence on oil products may 
rise farther, again if supplies can be made a\ail- 
able, to about 29% of total energy. 

269. It becomes, therefore, very important to 
consider how far it is possible for India to n b on 
obtaining these increasing volumes of oil products. 

270. In 1960/1 India had available for linal 
consumption 6.02 million tonnes of petroleum pro¬ 
ducts. Of this total, we estimate that the final < on- 
sumption was distributed approximately as follows. 


TABLE 120 

FINAL CONSUMPTION OF PETROLEUM PRODUCTS 


1960/1 

(million tonnes original units) 



T ranspo r t 

Industry 

Dome stic 

Agr iculture 

Total 

All India 

2.20 

1.53 

1. 98 

0.31 

6.02 

Easte rn 

Region 

0.40 

G2ET 

0.41 

0 03 

1.12 

Northsrn 

Region 

0.29 

0.07 

0.17 

0.04 

0.57 

Cent ra 1 

Region 

0.29 

0.07 

0. 28 

0.06 

0.70 

Waste rn 

Region 

0.53 

0.80 

0.56 

0.09 

1 .98 

Sout he rn 

Region 

0.61 

0.23 

0.48 

0.07 

1 .39 

Assam 

Region 

0.08 

0.08 

0. 08 

0.02 

0.26 


271- In addition, the oil refineries produce 
other (non-energy) products which are not included 
in the above figures. The refineries themselves also 
consume energy for their own operation. There ore 
adjustments also to be made for exports and buokers. 
for stock changes, and consumption in the generation 
of electricity. Thus the total input of crude oil 


required to produce that volume of energy products, 
was 8.37 million tonnes. Tabic 121 sets out ihe 
figures for 1960/1. 

272. In 1960/1, as much as 94.3% of til oil 
consumption was derived from imports either ol > rude 
oil or of oil products; only 5.5% was covered by 
indigenous production of oil. 
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TABLE 121 


BALANCE OF SUPPLIES ANO DEMANDS 
OF OIL INDUSTRY 
1960/1 

(million tonnes original units) 


Demands (a) 

Inland Consumption of Energy Products 6.40 

Inland Consumption of Non-Energy Products 0.81 

Refinery Consumption and Losses 0.34 

Total of Above 7.55 

Addition to Stocks of Energy Products 0.08 

Addition to Stocks of Crude Petroleum 0.06 

Exports and Bunkers 0.60 

Grand Total 8.37 

SuppIies 

Indigenous Supplies of Crude Petroleum 0.46 

Imported Crude Petroleum 5.78 

Imported Petroleum Products 1.82 

Imported Non-Energy Products 0.31 

Grand Total 8.37 


(a) Includes consumption for electricity 
gene r a t i on. 

273. Kven if India had been more nearly self- that there is a heavy demand for kerosene and high 

sufficient in oil. it would have been difficult for the speed diesel oil; currently there is a relatively low 

country to be wholly independent of foreign trade in demand for motor spirit. The demands of 1950/1 and 

oil products. The pattern of demand in India is such of 1960/1 were made up as follows: 

TABLE 122 

DISTRIBUTION OF DEMAND 
BETWEEN DIFFERENT ENERGY PRODUCTS 
(pe rcentages) 



1950/1 

1960/1 

Kerosene 

29.2 

29.3 

Motor Spirit 

21.1 

12.4 

H i gh Speed 0iese1 Oil 

6.4 

18.3 

Light Diesel Oil 

11.5 

9.4 

Fue1 011 

28.2 

26.2 

Aviation and let Fuel 

2.4 

4.0 

Liquid Petroleum Gas 

- 

0.1 

Others 

1 .2 

0.3 

Total 

100.0 

100.0 
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274. The production from crude oil in Indian 
refineries had. on the other hand, the following 
pattern in 1960/1. 


275. I'hc refinery output, on the basis of the 
crude oils available, can only be modified within 
rather narrow limits. Thus, if the present pattern of 


TABLE 123 

DISTRIBUTION OF REFINERY OUTPUT 
BETWEEN DIFFERENT ENERGY PRODUCTS 
I 960/1 

(percentages) 


Kerosene 


17.9 

Motor Spirit and 

naphtha 

20.0 

High Speed Oiesel 

Oi 1 

20.4 

Light Diesel Oil 


10.1 

Fuel Oil 


31.4 

Aviat ion and Jet 

Fue 1 

- 

Liquid Pstro 1 eum 

Gas 

0 . 1 

Others 


0.1 

Total 


100.0 


demand develops as we expect it to do, India is 
likely to be short of middle distillates and long of 
light-end products. It will probably be necessary to 
continue to import middle distillates and to develop 
new outlets or uses for the light-end products (for 
example in fertiliser production) and also for fuel 
oils, even if India becomes on balance self suf¬ 
ficient Alternatively, if India develops refinery 
capacity arlequate to meet her full middle distillate 
needs, it may be necessary to find large export 
markets for other products. The latter policy might 
be virtually impossible to achieve in practice. 

II. ESTIMATED FUTURE DEMANDS 

276. Our estimates of future demands for oil 
are set out in Table 124 and Figure 9. The estimates 
for energy consumption are based on the sector-wise 
analysis described in earlier chapters. Although 
feed-stocks to the fertiliser industry are, in the 
strictest sense, a non-energy product, we have in¬ 
cluded the naphtha or other oil used as a fertiliser 
feed-stock as an energy product since the quantities 
used are significant and essential to the Indian econo¬ 
my. We have made no special study of the Indian 
demands for non-energy products and our estimate of 
the demand for non-energy products is based on dis¬ 
cussions with the ONGC and HP. We have also as¬ 
sumed that bunker consumption will grow at the same 
rate as imports and exports and that there will be some 
substitution of bunker oil for bunker coal. The balance 
of trade in oil products is very difficult to predict as 
it is not yet clear whether the refining policy will be 


aimed at a rough balance between surpluses of cer¬ 
tain products and imports of others or at refining 
on a scale sufficient to meet the most difficult pro¬ 
ducts with the export of surpluses, if this is possi¬ 
ble. Our estimates correspond more nearly toward the 
former policy in which, for example, India may refine 
sufficient quantities to supply her kerosene require¬ 
ments and find herself short of other middle distil¬ 
lates and long on fuel oil. gasolene and naphtha. We 
huve also assumed that refinery consumption and los¬ 
ses will in the future be about 6 c c of the total demand 
for products on the basis that the refinery throughput 
may be approximately equal to the product demand and 
that surpluses and imports would very nearly he equal. 
(Table 124). 

277. We have not attempted to convert our 
sectoral demands for energy into demands for actual 
products although we have broadly considered them 
in an attempt to measure the products that may be¬ 
come available for the various consuming sectors. 
That is a task that the specialists of the industry 
can best be trusted to undertake. Rut certain things 
are clear. Even if India installs sufficient refining 
capacity to equal her product demands, it may he 
necessary to import middle distillates, and there 
may be a surplus of naphtha, gasolene and possibly 
fuel oil unless new markets are developed, as is 
intended. It, therefore, appears wise policy to put less 
emphasis on the use of middle distillates in road 
transport and to transfer this demand to gasolene 
products to the extent they may be in surplus. It also 
appears clear that there need not he severe pres¬ 
sures to reduce the use of fuel oil since that product 
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TABLE 124 


ESTIMATED REQUIREMENTS 
OF CRUDE PETROLEUM AND PETROLEUM PRODUCTS 
1980/1 to 1880/1 


(million tonnn of petroleum) 



1980/1 

1970/1 

1875/6 

1980/1 

CASE 1 (7* growth) 





Energy Products for 
Internal Consumption 
as such 

6.0 

14.5 

22.4 

34.8 

Oil Products for 

Electricity 

generation 

0.4 

0.9 

1.3 

2.4 

Total Energy Products 
for Internal 

Consumption 

6.4 

15.4 

23.7 

37.2 

Non-Energy Products 

0.8 

2.2 

3.2 

4.5 

Bunke rs 

0.4 

0.6 

0.8 

1.0 

Refinery Consumption 
and Losses 

0.3 

1.2 

1.8 

2.7 

Grand .Total (a) 

7.9 

18. 4 

29.5 

45.4 

CASE 1 1 (BV< growth) 





Energy Products for 
Internal Consumption 
as such 

8.0 

15.8 

25. B 

41.8 

Oil Products for 

Elect r icity 
generation 

O.lfl 

1.0 

1.4 

3.0 

Total Energy Products 
for Internal 



27.2 

44.8 

Consumption 

8.4 

16.8 

Non-Energy Products 

0.8 

2.7 

3.9 

5.9 

Bunke rs 

0. 4 

0.7 

0.9 

1 1 

1 . 1 

Ref inery Consumption 
and Losses 

0.3 

1.3 

2.0 

3.3 

Grand Total (a) 

7.9 

21.5 

34*0 

55.2 

CASE III (10* growth) 





Energy Products for 
Internal Consumption 
as such. 

8.0 

17.8 

30.0 

49.2 

Oil Products for 

Elect r icity 
generation 

0.4 

1 . 1 

1.5 

3.7 

Total Energy Products 
for Internal 

Consumpt ion 

6.4 

18.9 

31.5 

52.9 

Non-Energy Products 

0.8 

2.8 

4.9 

7.7 

Bunkers 

0.4 

0.8 

1.0 

1.2 

Refinery Consumption 
and Losses 

0.3 

1.4 

2.4 

3.8 

Grand Total (a) 

7.8 

23.9 

39.8 

65.7 


(a) excluding 
1980/1 and 

additions 
exports 

to stocks in 
throughout. 
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may become plentiful in the neighbourhood of certain 
refineries. On the other hand, it appears necessary 
to find new uses for naphtha which may be signifi¬ 
cantly in surplus. Our estimates for the totn! de¬ 
mands for oil products show the following percentage 
increases on 1960/1. We compare these total in¬ 


creases with the increases which we have estimated 
for the domestic sector, which absorbs almost the 
whole of the kerosene, and for the transport sector 
which absorbs much of motor spirit, and nearly all 
the H.S.D.O. supply. 


TABLE 125 

RELATIVE ESTIMATED INCREASES OF TOTAL DEMANDS 
FOR OIL PROOUCTS AND OF DOMESTIC DEMANDS 

(1960/1 - 100) 



1960/1 

1 970/1 

1975/6 

1980/1 

Estimates of Total Demand 
for Oil Products (Case III) 

100 

303 

504 

844 

Estimates of Domes1 1 c 

Demand for Oil Products 

100 

217 

312 

508 

Estimates of Demand of 

Transpor t Sector for Oil 

Products (Case III) 

1 00 

323 

546 

868 


278. It will be seen that the total estimated 
increase rises considerably faster than the estimated 
increase for the domestic sector; thus there is good 
reason to hope that the pattern of demand, with a 
large present kerosene component, will become 
easier to meet than in the past. On the other hand, 
the demands of the transport sector seem likely to 
increase faster than the average, and the H.S.D.O. 
shortage will, if nothing is done, become still greater 
while the motor spirit and naphtha surpluses in¬ 
crease . 

279. This problem is - we know - already being 
actively examined in order to find outlets, either in 
the iron and steel industry or in the manufacture of 
fertilisers and petrochemicals, for the surpluses 
already becoming manifest. We think it probable that 
longer term trends may accentuate rather than re¬ 
lieve the problem. It will certainly be advisable to 
consider further the question whether, in the special 
circumstances of India, it is really wise to provide 
tax incentives which discourage consumption of 
motor spirit and encourage not only the consump¬ 
tion of diesel oil, but also the acquisition at higher 
initial cost of vehicles which use the scarce forms 
of oil products; it may in fact be easier to provide 
larger quantities of motor spirit than Smaller quanti¬ 
ties of diesel oils. Further consideration of substi¬ 
tution of fuel oil for coal in locations remote From 
coalfields and near to oil refineries is also advisable, 
since fuel oil may otherwise become surplus. These 
problems can best be examined when the experts of 
the industry have made a more detailed product 
analysis of our petroleum demands. 

280. The estimates of oil consumption in 1970/1 
resulting from the above studies of the Working 
Group, are significantly lower than estimates for 
the same years made by the Ministry of Petroleum 
and Chemicals. Their estimates would suggest a 
total demand (corresponding to our Case III in Table 


124) of approximately 27 million tonnes, including 
non-energy products and refinery fuel, as contrasted 
with our estimate of approximately 24 million tonnes- 
The differences here are to be explained almost 
wholly in terms of different underlying assumptions 
in the process of estimating. The Ministry has, quite 
properly, attempted to estimate what may be the 
probable demand for oil producLs, if present policies 
continue unchanged, in order that their refining 
capacity, import plans and handling facilities may 
be adequate to meet the demands that are likely to be 
encountered on that hasis. Their estimated demands 
are in fact not widely different from estimates made 
by our W'orking Group at an earlier stage in our work 
on a similar basis. The present estimates included 
in this report are based on rather different assump¬ 
tions. It has been assumed, in the light of the first 
estimates prepared for the Committee by the Working 
Group, that there is a danger that India’s dependence 
on imported fuels will progressively become greater 
than the limits set by the Indian balance of payments 
can permit; that oil should be assumed to be avail¬ 
able to meet the needs of those activities and in¬ 
dustries in which it is essential; that increased 
pressure will have to be put on industries capable 
of using indigenous fuels to economise in their use 
of oil products. The two sets of estimates appear to 
differ comparatively little in respect of those uses 
in which oil is essential. They differ more widely 
in their assumptions regarding the freedom with which 
industries will be permitted to use fuel oils. While 
this is likely to be surplus in some regions in the 
neighbourhood of refineries, and plans will need to 
be made for its use, there are other regions particu¬ 
larly in Western India where there would appear 
likely to be, on the Ministry’s calculations, a con¬ 
siderable deficit to be met by import. We think that 
the Government of India will need to consider whether 
or not it can afford to make larger amounts of oil 
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products than we have assumed available in practice, 
and also whether, in determining the location of 
new industrial developments, increased preference 
should be given to sites where indigenous rather 
than imported fuels can be used, or to sites where 
fuel oil is likely to be in surplus rather than deficit. 

III. SUPPLIES OF CRUDE OIL 

281. If, as our estimates suggest, the Indian 
economy is likely to need some 24 million tonnes 
of crude oil by 1970/1, some 30-40 million tonnes in 
1975 '6 and probably some 45-65 million tonnes by 
1980 1, where is this to come from? 

282. In 1960/1, the output of Indian oil wells 
was. as we have shown, about half a million tonnes. 
In 1963 this has risen to a little over 1,6-million 
tonnes. About three-fifths of this has come from Assam 
and the remaining two-fifths from Gujarat. 

283. Exploration is currently being conducted 
with great vigour in various parts of India. India 
possesses an area of about one million square kilo¬ 
metres of sedimentary rocks which theoretically 
represent an oil potential; this constitutes nearly 
one-third of the country’s total area. The attached 
map (Figure 10) shows the areas concerned. 

284. As the available geological knowledge 
regarding several of these sedimentary basins is 
meagre and of a very general nature, it is for the 
moment impossible to make any firm assessment of 
possible petroleum reserves. Of the areas so far 
explored for oil much the most promising are those 
in Assam and Gujarat. 

285. The figures given for estimated reserves 
are constantly changing in the light of new knowl¬ 
edge. Recent guesses - and they can be little more - 
are that proved reserves in Assam may amount to 
50 million tonnes and those in Gujarat to another 
50 million tonnes. 

286. Both these areas are being intensively 
studied, with the aid of foreign experts, and at the 
same time other areas are being investigated. It is 
too soon to be at all certain what the total reserves 
may be. There are approximately 100 million tonnes 
of proved reserves; including possible inferred re¬ 
serves. the total may conceivably reach 175 million 
tonnes in all. 

287. Much of any new discoveries will have to 
go toward replacing the fields now in operation which 
will probably become exhausted within the period of 
our study. 

288. We hesitate to be dogmatic about anything 
so uncertain as India’s ultimate oil potential. Ex¬ 
ploration and development on the basis of already 
proved reserves is being currently planned on the 
basis of reaching an annual output as high as 13 
million tonnes. In the light of India’s acute need for 
larger indigenous supplies of oil it is clearly wise 
to proceed vigorously. We do not think it safe, how¬ 
ever. in advance of greater experience than is yet 


available, to assume with confidence and as a basis 
of energy planning, that such a level will actually 
be achieved in practice by 1970/1. We think that it 
may be more reasonable for the moment to expect 
that annual output may reach some 10 million tonnes 
by 1975/6, when allowance is made for the progressive 
exhaustion of supplies in the older areas of Assam. 
There are those who hope that the figure may be as 
high as 15-20 million tonnes by 1980/1. But we would 
again not regard it as safe to assume for the time 
being for purposes of our calculations any figure much 
larger than 10-15 million tonnes, unless some start¬ 
ling new discovery is made of oil resources on a 
wholly different scale from those yet known. 

289. If that is, in fact, a reasonably optimistic 
estimate of indigenous supplies, it means that India 
would need, on the basis of our Case III estimates, 
to be importing some 17 million tonnes of crude and 
products in 1970/1, about 30 million tonnes in 
1975/6 and perhaps 50 million tonnes in 1980/1. 
These are very formidable amounts. They mean, in 
the first place, that India will depend for something 
approaching 30% of her commercial energy supplies 
on the goodwill and political stability of her oil 
suppliers; that is, of course, true of most European 
countries to-day. They mean secondly that India 
must find each year around 1975/6 some Rs. 200 
crores to meet these imports alone. On the basis of 
estimates that have been made of Indian exports at 
that time, such oil imports might absorb almost one- 
third of total import capacity. 

290. We have not regarded it as within our com¬ 
petence to determine whether this is too heavy a 
load on India’s foreign trade. This is a subject to 
which we shall return at a later point in this report 
in connection with the imports of capital equipment 
as well as fuels for the energy sector. The estimates 
that we have made of demands have reflected, where 
they have been evident, what seemed to be the 
longer-term trends in various industries towards 
greater use of oil products and electricity. In revising 
the report, however, we have deliberately given a 
bias in our estimates towards use of indigenous 
fuels whenever this seemed practicable. It will be 
for the Government of India, on the advice of the 
Planning Commission, to consider whether the trends 
are likely to be dangerous to its longer term balance 
of payments policies and whether it may be 
wise to go even further in the direction of giving 
incentives to use Indian coal or electricity in pre¬ 
ference to imported oil. 

IV. NATURAL GAS 

291. We are informed that the proved and in¬ 
ferred natural gas reserves, as estimated on the 
basis of present explorations, are 31.5 billion cubic- 
metres or only about 50miilion tonnes of coal equival¬ 
ent determined on a calorific equivalent basis. We 
have not attempted to estimate how, if important 
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fields were discovered, they might fit in detail into 
the Indian energy economy. It is immensely to be 
hoped that such discoveries may be made and there 
are reasonable hopes that will happen, particularly 
in Rajasthan. There are possibilities also that if 
political relations become easier, India might draw 
on the ample supplies of natural gas just across 
the border. There are further possibilities that ways 


may be found of making gas from the oil-fields of the 
Middle East countries available to Indian markets. 
But we have regarded all these possibilities for 
the moment at least as too uncertain for immediate 
planning calculations. If circumstances change, it 
might considerably modify the prospective energy 
economy of the Western and Central Regions of India. 
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CHAPTER 13 

Problem* of Electricity Supply 

I. THE BACKGROUND TO THE PROBLEM 


292. Our estimates have shown that the demands 
in India for electricity by 1975/6 may be about seven 
times those of 1960/1 and by 1980/1 about twelve 
times those of 1960/1. This involves a tremendous 
expansion and modernisation of the whole organisation 
for electricity supply. This Chapter will be concerned 
with the main problems and implications of achieving 
this. 

293. The electric utility industry today still pos¬ 
sesses many features derived from its past history. 
It began, as elsewhere, with small isolated stations, 
mostly in the bigger towns, mostly in the first /stages 
owned by private companies. Capacity has grown 
rapidly, but until recently has been relatively small. 

TABLE 126 


UTILITY GENERATING CAPACITY 
1920-62 
Megawatts 


Year End 

Steam 

Hydel 

Diesel 

Total 

1920 

49 

74 

6 

130 

1940 

624 

469 

115 

1208 

1951 

1096 

575 

163 

1835 

1956 

1996 

1061 

228 

2886 

1960/1 

2436 

1843 

300 

4579 

1961/2 

2466 

2234 

317 

5017 


294. Despite rapid progress in the post-Independ¬ 
ence period, electricity is still provided by a large 
number of small stations — many of these very small 
and very old — by modern standards obsolete, operat¬ 
ing at low fuel efficiency, and inadequately inter¬ 
connected. 


TABLE 127 

ANALYSIS OF UTILITY GENERATING STATIONS 
1962 



Number 

Installed 
Capacity 
End 1961/2 
MW 

Generation 
Year 1961/2 

GWh 

Percentage 
of total 
Generation 

Steam 

Total 

92 

2466 

9476 

100 

Over 50 MW 

15 

1687 

6937 

73 

Oieael 

Total 

641 

317 

380 

100 

Over 50 MW 

- 

— 

— 

— 

Hydel 

Total 

65 

2234 

9814 

100 

Over 50 MW 

14 

1593 

6866 

70 

All Types 

Total 

798 

5017 

19670 

100 

Over 50 MW 

29 

3280 

13803 

70 


295. Thus, of 798 individual utility stations in 
1962, only 29 were above 50 MW in size. ,The largest 
individual stations were Bokaro Steam Station with 
255 MW and Bhakra Left Bank Hydro Station with 450 
MW. Even these are not large stations by present 
standards elsewhere in the world. 

296. Of the 2741 generating sets in service, only 
16 were of 50 MW capacity or larger. The largest in¬ 
dividual sets were three steam turbine sets of 75 MW 
each and five hydel turbine sets of 90 MW each. 

297. Because of the small average size of steam 
generating units, efficiency has been, and is, very 
low. Average gross efficiency for various years during 
the last decade is given in Table 128: 


TABLE 128 

AVERAGE GROSS EFFICIENCY OF 
UTILITY STEAM-ELECTRIC GENERATING STATIONS 

1951 1956 1959/60 1960/1 1961/2 

Reported Gross Heat Rate(a) 

(Scal/kWh) 5280 4740 4440 4375(b) 4285(b) 

Qross Efficiency 

(%) 16.3 18.1 19.4 19.6(b) 20.1(b) 

frO Befora deducting station usa. 

M Fipuras ravlsad in tha light of our own studios. 

298. This technically ill-equipped and currently 
under-sized industry has been responsible for the 
supply of electricity to a sub-continent. Inevitably, 
and largely for historic reasons, the levels of elec¬ 
tricity consuifiption per head and per square kilometer 
have been low by the standards of more advanced 
countries. Average consumption per head in India in 
1960/1 was 38.9 kWh. In the Eastern and Western 
Regions, where industrial development is greater and 
electricity supply has long been available, the con¬ 
sumption is more than 50% above the national average. 
In the Southern Region it is close to the national aver¬ 
age. In the Northern Region — principally the Punjab 
and Rajasthan - the figure is about three quarters of 
the national average. It is lowest in Uttar Pradesh 
and Madhya Pradesh — the Central Region — and in 
Assam. One of the problems of the future is the pro¬ 
vision of better facilities in areas which have been 
backward for historical rather than economic reasons. 
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TABLE 129 

ANALYSIS OF ELECTRICITY CONSUMED BY REGIONS - 1960/1 


REGION 

POPULATION 

AREA 

ELECTRICITY 

CONSUMPTION 


millions 

000' km 2 

CONSUMED (c) 

Per head 

Per km 2 




million kWh 

kWh 

kWh 

All India 

435.2(a) 

3038.8(b) 

16,922.4 

38.9 

5,569 

Eastern 

99.1 

417.7 

5,708.4 

57.6 

13,669 

Northern 

47.9 

631.7 

1,426.7 

29.8 

2,259 

Central 

106.2 

737.2 

1,783.0 

16.8 

2,419 

Western 

60.1 

494.8 

3,964.3 

66.0 

8,012 

Southern 

110.0 

635.4 

3,989.1 

36.3 

6,278 

Assam 

11.9 

122.0 

49.9 

4.2 

409 


(a) Excluding Union Territories other than Delhi and Himachal Pradesh; 

(b) Exlcuding the areas of Union Territories, other than Delhi and Himachal 
Pradesh, and the area occupied by Pakistan in Jammu & Kashmir State. 

(c) Consumption by ultimate consumers, ie, excluding generating station 
use & transmission& distribution losses. 


299. The Indian generation per head is compared with that of some other countries in Table 130. 

TABLE 130 

GENERATION OF ELECTRICITY PER HEAD 
IN VARIOUS COUNTRIES 
1960 


Country 

Generation 

Populations 

Generation 


by utilities 
and Industry 

millions 

per head 


TWM 


kWh 

India 

23.2 

435.2 

53 

Mexico 

10.7 

34.9 

308 

Brazil 

22.9 

71.0 

322 

Tnkey 

2.8 

27.8 

101 

Portugal 

3.3 

8.9 

366 

U.S.A. 

841.6 

179.3 

4680 


300. During recent years the consumption of elec- to 1962/3 final consumption of electricity has risen 

tricity has increased rapidly. Over the period 1953/4 as follows: 

TABLE 131 

FINAL CONSUMPTION OF ELECTRICITY (a) 

TWh 


Generated by: 

1953/4 

1954/5 

1955/6 

1956/7 

1957/8 

1958/9 

1959/60 

1960/1 

1961/2 

1962/3 

Utilities 

6.69 

7.53 

8.59 

9.66 

11.37 

12.99 

15.04 

16.86 

19.67 

22.37 

Auto-Producers 

2.07 

2.12 

2.28 

2.29 

2.39 

2.53 

2.88 

3.29 

3.57 

3.94 

Total 

8.76 

9.65 

10.87 

11.95 

13.76 

15.52 

17.92 

20.15 

23.24 

26.31 


(a) Includes generating station use and transmission and distribution losses. 


301. The growth of electricity consumption since 
1953/4 has averaged 12.8% per year. But it is not 
clear that this has represented the growth of demand 
rather than the growth of the available supplies.There 
have been restrictions of three kinds: firstly, restric¬ 
tions from the cutting off of supplies during periods 
of excess demand; secondly, restrictions in the form 
of limitations on the amount of electricity that might 


be taken by a customer who had been given connection; 
thirdly, restrictions in the form of refusals of appli¬ 
cations for connection. 

302. It is very clear that in recent years the 
limitations of electricity supply have not only caused 
interruptions from time to time to industrial production 
but also have involved refusals of electricity supply 
which, if available, would have made possible greater 
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increase of industrial production. It is currently a mat- mission facilities whereby one station could have 

ter of great urgency to remove these limitations. helped its neighbour, and possibly in some eases to 

303. It is not easy to measure the extent of the lack of effective arrangements for co-operation, 

present shortfall of electricity supply. That it exists 304. Even with little or no transmission and a 

as things are there can be no question. But it is very basic load factor (ratio of average load to peak load) 

far from clear that it is entirely due to inadequacy of of 0.60 and allowing a demand factor (ratio of peak 

generating capacity in aggregate. The most serious load to capacity) of 0.75, it should be possible to 

shortfalls in 1963 were those in Madras, which was achieve 4000 hours per year use of capacity. Actually, 

due to the results of quite abnormally low rainfall on as can be seen from Table 132, in the two years 1960/1 

a predominantly hydel system, and in Calcutta where and 1961/2 this level was reached only in the Western 

a shortfall due to breakdown of Calcutta Electricity and Southern Regions which are better endowed with 

Supply Company equipment could not be made good transmission lines than most regions. We believe that 

by the West Bengal State Board. But more generally with more adequate transmission, the present shortages 

it seems clear that, while shortages did occur, they would not have been great, 

were largely to be ascribed to the absence of trans- 


TABLE 132 

HOURS USE OF GENERATING CAPACITY (a) 




1960/1 



1961/2 


Region 

Generation 

Capacity 

kWh/kW 

Generation 

Capacity 

kWh/kW 


TWh 

GW 


TWh 

GW 


Eastern 

4.40 

1.24 

3548 

4.78 

1.24 

3850 

Northern 

1.44 

.44 

3288 

2.38 

.66 

3590 

Central 

1.73 

.66 

2600 

2.04 

.77 

2650 

Western 

4.54 

1.09 

4153 

5.00 

1.13 

4412 

Southern 

4.70 

1.12 

4216 

5.41 

1.17 

4630 

Assam 

.04 

.03 

1357 

J5. 

.03 

1640 

All India 

16.85 

4.58 

3680 

19.67 

5.02 

3920 


(a) Utilities only 


305. The problems of increasing rapidly India’s II. THE INSTITUTIONAL FRAMEWORK 

electricity supplies are great. The periods of construc¬ 
tion of major electricity projects in India are long — 307. In the earlier stages of development in India, 

far longer than in advanced countries with greater the various undertakings were mostly, as has been 

local industrial resources to facilitate rapid construe- said, small. In the bigger cities they usually look the 

tion. The average period of construction of a hydel form of private companies. In some of the then exist- 

project in India is currently about nine years and that mg Princely States, the State Government, or the 

of a thermal project about five years. It is important Prince himself, pioneered development. A number of 

to do all that is practicable to shorten these periods. the smaller stations were associated with industrial 

But meanwhile the length of these periods of construe- undertakings, privately owned mines, plantations or 

tion make it very important to plan more than normally estates. In some cases also Government establish- 

far ahead. It is partly for that reason that the present ments or local authorities set up plants of their own. 

survey has been conducted and has attempted to look 308. In the earliest years the Central Government 

as far ahead as 1980/1. exercised a modicum of control under the Indian Tele- 

306. A rapid increase of supply is made much graph Act. In 1910, when it was felt that it was 

more difficult by two handicaps under which India desirable to extend control over these various private 

labours. I he capital costs of electricity supply, both concerns, the Indian Electricity Act was enacted. This 

on the side of generation and on that of transmission provided, inter alia, for granting of licences to supply 

and distribution,are very high and capital investment electrical energy in specified areas; for establishing 

of this complex type cannot be expanded greatly and the conditions under which the licensee was required 

rapidly in India. The import content of investment in to operate and conduct his business; and for defining 

electricity supply is, for the moment, also very high; the duties and mutual responsibilities of licensees, 

it will only be reduced significantly as new manufac- consumers and the Government. That Act provided for 

turing developments mature during the next ten years. the creation of a Central Electricity Board, whose 

We shall consider both these problems at a later responsibility it was to promulgate in the public in- 

s * a 8 ,! terest rules specifying service and safety conditions, 
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as well as the manner in which the licensee must 
make an annual report. 

309. While it was clearly the intent of the 1910 
Act, through its broad language, to include everything 
that concerned the supply of electric energy, it is 
clear also that, in harmony with the economic philos¬ 
ophy of the time, it was designed to regulate the 
actions of individual private undertakings rather than 
to form the framework for the effective co-ordination 
of these undertakings into regional systems of elec¬ 
tricity supply throughout the whole of India. 

310. It was already clear before 1945 that the 
1910 Act was woefully inadequate to deal with this 
aspect of co-ordinated development. Already in 1945 
the Government was aware of the necessity for new 
legislation. It is significant that, about this time, the 
Policy Committee on Electricity and Public Works of 
the Legislature recommended that “steps be taken to 
eradicate any factors that retarded the healthy econ¬ 
omical growth of electrical development on regional 
lines whether in Provinces, States — or Local-Author- 
ity-owned, or in commercially-owned undertakings’’. 
At the same time the National Planning Committee 
had in mind the creation of'regional Provincial (now 
State) Electricity Boards. In the light of this, the 
Government proceeded to draft an Electricity (Supply) 
Bill, which subsequently emerged as the Electricity 
(Supply) Act, 1948. 

311. This Act, drafted with the assistance of 
experts from the United Kingdom, owed much to con¬ 
temporary experience in the United Kingdom. The 
British Electricity (Supply) Act of 1919, had created 
a body of Electricity Commissioners charged with the 
duty of promoting, supervising and regulating the in¬ 
dustry; it was the aim to secure voluntary participation 
in a plan to reduce the number of undertakings and 
concentrate generation in a smaller number o(stations. 
The subsequent British Electricity (Supply) Act 1926 
created a Central Electricity Board for the control of 
generation, without, however, ownership of the sta¬ 
tions. It created also Electricity Commissioners to 
administer local distribution. The Board was given the 
responsibility of constructing an interconnecting grid 
system of main transmission lines.lt was the intention 
to secure that electricity should be generated under 
the Board’s instructions in what were termed “select¬ 
ed stations” and made available through the grid to 
the authorised local suppliers. While the Act resulted 
in some considerable economy through reduced stand¬ 
by capacity and through mutual assistance between 
supply areas, it did not prove adequate to achieve 
either complete pooling of generation or the selection 
of the most efficient and the elimination of marginal 
producers. It was, in effect, a half way political solu¬ 
tion of the immediate difficulties created through the 
ownership of generating capacity by the distribution 
companies. 

312. The Indian Electricity (Supply) Act, 1948, 
sought to apply to Indian conditions the basic ele¬ 


ments of the United Kingdom legislation and to remedy 
thereby some of the defects of the 1910 Act. It was 
recognised that, because of the size of India and the 
probable difficulties of administration, it would not 
be possible to model the legislation on the very cen¬ 
tralised system of the United Kingdom. What was 
needed, it was thought, was some provision for: 

(a) the building of grid systems on uniform lines; and 

(b) the creation of semi-autonomous bodies in the 
Provinces to administer the grid systems. 

Within the framework of the 1910 Act it was impossible 
for the Provinces to constitute such quasi-commercial 
bodies. Consequently, the need for Central legislation 
was apparent both to permit creation of Provincial 
Boards and to enable the Central Government to co¬ 
ordinate the regional development of electricity 
providing for uniformity and control of existing licen¬ 
sees. A new term was employed in the preamble of 
the Indian Act of 1918 which has great significance 
since the use of the word “rationalisation” implied a 
far greater scope than the objective of the United 
Kingdom Act of 1926 on which the Indian Act was 
modelled. 

313. The objectives of the 1948 Act were the 
“rationalisation” of the production and supply of 
generation and the development of an industry, in 
which there would be both private ind public under¬ 
takings. When the Indian Electricity (Supply) Act of 
1948 became effective, it was intended that both 
“rationalisation” and development of the electric 
supply industry should be on a regional basis because 
of the federal character of the Government of India and 
because’“Electricity” is a concurrent subject under 
the Constitution of India, so that both Central and 
State Governments may legislate on the subject. Not¬ 
withstanding the implication of regional development, 
it was intended that there should be a national policy 
for co-ordinated development, to ensure optimum util¬ 
isation of the national resources by planning agencies 
whether Federal or State. The Act empowered the 
creation of the Central Electricity Authority (Federal) 
and at the same time, authorised the States to estab¬ 
lish a State Electricity Board, a State Electricity 
Consultative Council, a Local Advisory Committee and 
a Rating Committee. The Act extended to all India 
except Jammu and Kashmir, exempted by Constitutional 
provisions. 

314. The Act laid down specific functions for 
five bodies or groups of bodies: 

(i) The Centra] Electricity Authority, with 
responsibility, inter alia, to develop a sound, 
adequate and uniform national power policy 
and to co-ordinate the activities of the vari¬ 
ous planning agencies; 
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(ii) State Electricity Boards, with responsibil¬ 
ities, inter alia, for preparing and carrying 
out schemes, for designating stations (in the 
language of the corresponding British Act) 
for generation for Board purposes, for inter¬ 
connections by main transmission lines, and 
for supplying electricity to owners of con¬ 
trolled stations or licensees; 

(iii) State Electricity Consultative Councils to 
advise the Board on major questions of 
policy. 

(iv) Local Advisory Committees which might be 
set up by State Governments. 

(v) Rating Committees which might be appointed 
by a State Government to examine the charges 
made for the supply of electricity. 

315. The State Boards have generally become 
vigorous and effective bodies. In practice the respon¬ 
sibilities of the Central Electricity Authority have 
come to be discharged almost wholly by the Ministry 
of Irrigation and Power, and that Ministry rather than 
the Central Electricity Authority has become the co¬ 
ordinating authority. 

316. Two further factors in addition to the Act of 
1948 affect the system for the regulation of the elec¬ 
tricity supply industry. Firstly, the Constitution of 
India, enacted in January 1950, divides legislative 
power between the Union Government and the State 
Governments. As has already been said, electricity is 
in the Concurrent List, so that it is possible for both 
the Union Government and the States to legislate on 
the subject. Secondly, the Industrial Policy Resolution 
of April 1956 set out a fresh statement of industrial 
policy, necessitated by the acceptance of a socialis¬ 
tic pattern of society. This defined, in Schedule A, 
thereto, the industries which would be the exclusive 
responsibility of the State and those, in Schedule B, 
which would be progressively state owned, but in which 
private enterpraise would be expected to supplement 
the efforts of the State. The Schedule A list includes 
generation and supply of electricity. 

III. THE PRIMARY RESOURCES FOR 
ELECTRIC ENERGY 

(i) Hydro-electric Resources 

317. There are four main primary resources on 
which electricity supply must depend: water resources; 
coal; oil; nuclear fuels. We have discussed in other 
chapters the coal and oil resources available to India. 

It remains to consider the resources of water power 
and of nuclear fuel. 

318. The water power resources of India have 
been very fully surveyed over a considerable period 
of time. An excellent report on them by the Central 
Water & Power Commission has been available to us 
and is printed as Annex 3 to this report. We have 
not thought it necessary to conduct any separate in¬ 


vestigation of our own. We summarise the results of 
that survey. 

319. While India has limited resources of good 
coal and, so far as is yet known, only exiguous re¬ 
sources of oil, the country is relatively rich in water 
power resources, and in the ultimate industrial de¬ 
velopment of India, these must play a large part. The 
hydro-power potential is estimated in aggregate at 
about 41 million kW at 60% load factor, which corres¬ 
ponds to 216 TWh annual output on a firm basis. This 
ultimate potential maybe compared with the total elec¬ 
tricity production by all public utilities, hydro and 
thermal, of 22.4 TWh in 1962/3. 

320. But inevitably this hydro-power potential is 
very unevenly distributed. It may be summarised best 
in terms of the river systems on which it depends: 

TABLE 133 

HYDEL POTENTIALS OF VARIOUS RIVER BASINS 


River Basin Hydel Potential 

TWh 

Ganga Basin 25.7 

Central India Rivers 22.5 

West flowing riveis of Southern India 22.6 

East flowing rivers of Southern India 45.3 

Brahmaputra Basin 65.6 

Indus Basin 34.6 

Total 216.4 


Additional potential amounting to 48 TWh lies either 
in Sikkim or Nepal, or on rivers which form the bound¬ 
ary between India and one of those countries. These 
further resources could only be exploited by agreement 
with one of the countries concerned. But it may well 
be in the interest of both countries to do this. 

321. If we consider these potentials in terms of 
the Regions in which we have analysed the energy 
demands and problems of India, the distribution is as 
follows: 

TABLE 134 

HYDEL POTENTIALS OF VARIOUS REGIONS OF INDIA 


Regions 

Hyde 

TWh 

1 Potential 

% 

Percentage of Total 
Estimated Electricity 
Demand in 1980/1 

All India 

216.4 

100.0 

100.0 

Eastern 

14.2 

6.5 

26.4 

Northern 

36.6 

16.9 

9.6 

Central 

43.9 

20.3 

15.5 

Western 

13.6 

6.3 

21.5 

Southern 

42.6 

19.7 

26.1 

Assam 

65.5 

30.3 

0.9 

322. 

While in 

general the hydro power potential 


serves to redress the lack of balance in the coal re¬ 
sources, it will be seen that 30% of the hydro potential 
is in the Assam Region, where less than 1% of the 
electricity demand is expected. Of this hydro-power 
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potential the proportion that had been exploited by 
1962/3 was relatively small in total. But in individual 
regions - notably the Western and Southern regions — 
the proportion was higher. 

TABLE 135 

PROPORTIONS OP HYDEL POTENTIAL ALREADY EXPLOITED 
(Hydel generation as % of potential) 



1960/1 

1962/3 

All India 

3.6 

5.5 

Eastern 

5.6 

S.l 

Northern 

2.8 

6.7 

Central 

1.1 

2.9 

Western 

10.0 

15.1 

Southern 

9.7 

11.4 

Assam 

0.03 

0.04 


323. There is understood to be little reason to 
think that the sites already exploited are significantly 
more favourable than the remaining sites, or that the 
average capital cost of exploitation per kWh is likely 
to increase progressively as exploitation proceeds. 

(ii) Resources of Nuclear Fuels 

324. India’s reserves of nuclear resources are to 
be found in two forms: uranium and thorium. The uran¬ 
ium can be used directly in reactors. The thorium 
cannot be used directly as a fuel in its natural form. 
But it is a fertile material in the sense that when it is 
placed in a reactor a variety of uranium — U-233 — is 
generated in it and this in turn is a nuclear fuel. 

325. The Atomic Minerals Division of the Depart¬ 
ment of Atomic Energy has surveyed the country in 
search of uranium and thorium deposits and other 
materials of potential interest for atomic energy work. 
A number of deposits of uranium have been located in 
Bihar, Rajasthan and Madras. One of these, in Bihar, 
has been quantitatively assessed for its uranium con¬ 
tent. 1’his is estimated to contain some 2.8 million 
tonnes of ore of an average grade, so far, of .076 — a 
little under 0.1% of UjOe- In addition to that, about 
1.12 million tonnes of this ore contains about 0.1% of 
U 3 0 B . this implies that the total amount of uranium 
definitely contained in the deposit is above 2,000 
tonnes. There is ground for hoping that the quantity is 
in fact greater since the quality appears to rise as 
mining proceeds. * 

326. It has been estimated that these 2000 tonnes 
of uranium, yielding in the Candu type reactor some 
10,000 MW-days per tonne should be sufficient to pro¬ 
vide nearly 1 million kilowatts of nuclear power for 
20 years, or the full life of a reactor at 75% load factor. 

*Th* Department of Atomic Energy ha* since indi¬ 
cated that recent investigation* have shown that in 
addition to the deposits in Bihar the indicated and 
inferred reserves in the neighbouring deposits con¬ 
tain over 10,000 tonnes of uranium. 


Facilities are being created to treat about 1000 tonnes 
of ore a day and yield about 200-300 tonnes of uranium 
metal per year. Even without further discoveries of 
uranium (for which there is reasonable hope) the pre¬ 
sent supply could enable India to provide, from 
indigenous resources, for the first group of stations 
that might be built, up to a total of 1 Vi to 2 million 
kilowatts. The monazite sands of Kerala (see para 
327) probably contain an additional 30,000 tonnes 
of uranium which can be recovered al the same time 
as the thorium which they contain. 

327. In the longer view, as it now appears, Indian 
developments of nuclear energy must probably depend 
on the use of thorium. In respect of this India is very 
well endowed. There are some 500,000 tonnes of 
thorium, mainly in two deposits. About 200,000 tonnes 
are contained in a very rich (9% concentration) in the 
monazite beach sands of Kerala. This deposit has 
been known for some fifty years past. During the past 
ten years a second source has been discovered by the 
Atomic Minerals Division in an even larger deposit in 
the Ranchi Plateau, partly in Bihar and partly in 
Bengal. This contains some 300,000 tonnes of thorium 
in monazite o f a concentration of 10%. The 500,000 
tonnes of thorium has been described as equivalent to 
all the world’s known uranium in ore containing .1% 
and above. 

328. But while there is no question that ultimately 
this thorium can be used for the production of nuclear 
energy, its use requires the solution of a number of 
problems. The thorium cannot, as has been said, be 
used directly but must first be used, with other fission¬ 
able material, in a reactor to generate U-233. It is 
believed that the conversion of thorium could best be 
done in a breeder-type reactor but that it is also pos¬ 
sible in a thermal-type reactor. When these processes 
have been developed, and especially when suitable 
breeder-type reactors are commercially available, India 
will be richly endowed with nuclear fuels. 

IV. TRANSMISSION AND DISTRIBUTION 

329. In general terms it is not as possible to 
describe statistically the present state of the trans¬ 
mission and distribution systems of India as to 
describe the generating capacity. In very general 
terms it can be said that the rapid growth of demand 
for electricity has led to infinite improvisation to 
enable an already inadequate system of distribution to 
carry slightly more load. In most of the cities the present 
distribution system is both out-of-date and very seri¬ 
ously over-loaded. 

330. In most of the advanced countries invest¬ 
ment in transmission and distribution is normally about 
equal in scale to the investment in generation. While 
great efforts have been made in recent years in some 
parts of India, in general the country stands in urgent 
need of heavy investment in facilities for distribution. 
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331. For the year 1959/60 the value of assets in 
generation in India, as compared with those in trans¬ 
mission and distribution was estimated (see Table 136) 
to be as follows: 


TABLE 136 

VALUE OF ASSETS OF ELECTRIC UTILITY UNDERTAKINGS 
FOR GENERATION AND DISTRIBUTION 
1959/60 


Investment in Generation Rs.million 

Steam 1415 

Diesel 237 

Hyde I _180_1_ 

Total 3453 

Investment in Transmission 
and Distribution 

Transmission 762 

Distribution 2427 

Total 3189 


It will be seen that the ratio of assets in India is 
comparable with that of more advanced countries; it 
must, however, be remembered that the density of 
consumption in India is of entirely different order from 
that in the more advanced countries. 

332. The existing transmission lines are shown 
on the map (Figure 11) attached to this report. While 
the total length of lines has been more than doubled 
during the past ten years they are very insufficient to 
present needs. 


TABLE 137 

LENGTH OF TRANSMISSION LINES 


Voltage Range 

(circuit km) 

1951 

1961/2 

kV 

37.5 - 44 

1530 

989 

66 78 

6540 

12238 

90 ■ 110 

2204 

6184 

132 

584 

7049 

220 


654 

230 


445 


333. The advantages and economies of intercon¬ 
nection are familiar: they make it possible for load to 
be mei at the lowest overall production cost; they 
enable mutual assistance to be given in case of 


break-down; they make possible a lower installed and 
spinning reserve capacity; they make it possible for 
larger generating units to be installed with corres¬ 
ponding economies of capital and operating costs; if 
the peaks of two adjacent systems are not simultan¬ 
eous, they make it possible to exchange power to 
mutual advantage; they permit the integration of ther¬ 
mal, nuclear and hydro systems; they enable facilities 
to be scheduled for maintenance; they make it possible 
to avoid spilling water from a hydel reservoir without 
financial return. 

334. In European conditions, a high degree of in¬ 
terconnection organised through the U.C.P.T.E. has 
very greatly reduced the stand-by plant now considered 
necessary. In Germany a generating margin of 6% is 
now considered adequate. In Switzerland, 30-40% of 
the night load has been imported from Federal Ger¬ 
many. Though the amounts transferred only represent 
about 3.5% of total output, the economies and advan¬ 
tages conferred by closer interconnection have been 
incalculable. 

335. In Indian conditions, the absence of suffi¬ 
cient interconnection has not only involved interruption 
of supplies in conditions in which, with interconnec¬ 
tion, this might have been avoided, but has also 
precluded the obtaining of the potential economies, 
especially of stand-by plant, inherent in integrated 
systems. Many Indian stations are completely isolated 
from other stations and are incapable of being assisted 
in case of accidental outage. 

336. Provisions have been made for improving 
transmission and distribution in the Third Plan, but 
we do not believe that in present circumstances the 
amounts available, representing appreciably less than 
50% of the planned expenditure on generation, arc at 
all sufficient. With the developments of the next few 
years, the problems of the integration into the system 
of the large nuclear stations will arise. It will not be 
possible to operate them on 75% load factor unless 
surrounding thermal or hydel stations can be closed 
down during periods of low system demand and their 
load taken over; this cannot be done without a suffi¬ 
cient investment in transmission. 

337. We discuss in a later section of this chapter 
the problems of the relative economies of transfer of 
energy by rail and by transmission line. The long-term 
advantages of transmission seem clear, if the system 
can be properly designed to make full use of it. 

338. There is one final consideration that is 
particularly relevant to Indian conditions. Investment 
in transmission can save very considerable amounts of 
investment in generation. The investment in trans¬ 
mission now has a high indigenous-content and a low 
import-content. The reverse is true, and likely for 
some time to remain true, of investment in generation. 
We think that in the plans for the next periods the 
investment in transmission should be assumed to be 
not less than 100% of the investment in generation. 
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V. MAJOR PROBLEMS OF ELECTRICITY POLICY 

339. There are, in our view, six major problems of 
electricity policy: 

(i) the choice between different methods of gen¬ 
erating electricity — thermal, hydel, nuclear; 

(ii) the choice between different locations of 
generation — at or near the coal-field or near 
the centre of consumption; 

(iii) the choice of size of generating units; 

(iv) the future policy regarding rural electrifica¬ 
tion; 

(v) the organisation by which decisions are in 
future to be made and implemented; 

(vi) problems of increasing efficiency. 

We propose to discuss each of these issues in turn. 

(i) Methods of Generation 

340 The choice between different methods of 
generation must always be a particular solution of the 
problems presented by a particular s e t of circum¬ 
stances. In general terms it is only possible to lay 
down the framework within which each individual case 
should be examined and solved. 

341. The solution in the individual case will be 
affected, firstly, by the relative prices of different fuels 
as delivered at the point of use. If the best solution 
is to be reached from a national point of view it is im¬ 
portant that the fuel cost should truly represent the 
scarcity value of the fuel and that the delivery cost 
should represent the true cost of transport. We have 
given reasons in an earlier chapter for treating by¬ 
product coals as having zero value for planning 
purposes, so long as there is any likelihood of there 
being a surplus of them. 

342. The achievement of the solution will depend, 
secondly, on the right choice between more and less 
capital-intensive methods of producing the energy 
itself, or in this case, the capital equipment. We are 
convinced that in Indian conditions, where the facili¬ 
ties for complex capital projects are limited, excessive 
use of such facilities should be discouraged by a 
sufficiently high rate of interest. At the same time we 
think it is desirable, for reasons we shalldiscuss more 
fully in a later chapter dealing with the problems of 
pricing, that State Boards should aim to finance a 
considerable part of their investment out of their re¬ 
tained earnings and depreciation funds. We, therefore, 
recommend that, in the planning of projects, a rate of 
return of 10% should be made the basis of all calcula¬ 
tions.* We have treated the 10% as inclusive of the 
return that maybe necessary to cover any tax element. 
We have assumed that interest at that rate, as reflect¬ 
ing the opportunity cost of using capital in India, 
should be incurred during the period of construction 
in our subsequent calculations we have used that 
rale throughout, if that method of calculation is re¬ 
garded as too severe, we suggest that, as a minimum, 
the current rate of interest should be used. 

*0ur rocommandation* that th» rote of return of 1054 
should be mode the basis of all -calculations is not 
to be regarded as limited only to electricity projects. 
We feel that this rate of return may be regarded as 
applicable to all projects of public utility category 
and the public enterprise category. 


343. The achievement of a right solution will 
depend, thirdly, on holding the right balance between 
use of imported resources and use of indigenous 
Indian resources. In practice it is necessary, even 
when an import duty of some 18% is chargeable, to 
give some measure of further preference to equipment 
which can be secured from Indian sources, in order 
that, within the agreed policies, the demands for 
foreign currencies shall not greatly exceed the avail¬ 
able supplies. In planning projects, there is clearly 
advantage in giving preference to those solutions of 
a technical problem which make less call on imports 
and have a lower import-content. In our calculations 
we have assumed that the desirable preference will 
be secured by adding a tax of 33% to the import ele¬ 
ment of cost. This 33% has been assumed to include 
the actual duties now paid. We recommend that such 
an addition to the cost should be added in any actual 
calculation. 

344. We have made estimates of the relative costs 
of electricity generation in hydro, thermal and nuclear- 
stations on certain assumptions. We have used in each 
case, as we recommend should be done in practice in 
any actual case, a rate of 10%. We have applied that 
rate throughout and have implicitly assumed that a 
State Board can invest depreciation funds in its own 
operations to bring that rate of return. We have assumed 
in each case a 33% addition to the import element of 
capital cost. 

345. The construction costs which we have used 
represent as nearly as possible the currently estimated 
cost of construction of an actual project. For the fig¬ 
ures that we have used, which are in some cases 
slightly higher than estimates presented to us, and 
deliberately err, if at all, on the side of caulion, we 
must take the responsibility. 

346. We set out the results of our calculations in 
Table 138. We must emphasise at once that some of 
the possible alternatives that we have presented are 
not alternatives that could ever be considered or 
adopted in practice. But they serve to demonstrate the 
peculiar advantages or limitations of the particular 
method of generation under consideration. Since the 
possible import contents arc likely to be different 
during 1970/5 from those of 1965/70 and the costs 
per kW of thermal and nuclear power stations are ex¬ 
pected to decrease (in terms of constant input prices), 
we present two sets of estimates. In Tables 139( A) & 
139(B) we show the relative operating costs on three 
assumptions of plant factor. 

347. In the case of the thermal stations we make 
three alternative assumptions regarding the cost of 
coal. The first represents in effect the cost at or 
near the washery of generating electricity with by¬ 
product which would otherwise be surplus.The second 
represents coal at a price of Rs. 24.5 per tonne of 
4400 keal/kg; this is equivalent to pithead cost at 
outlying coal-fields; it is alternatively equal to zero 
cost by-product coal plus freight charges at existing 
rail tariffs at a distance of about 1500 kilometers from 
the coal source. The third and highest cost represents 
a cost of Rs.53 per tonne of coal of 4400 keal/kg., 
equivalent to a pithead price of Rs. 24.5 a tonne with 
nearly 1500 km of rail transport. 
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TABLE 138 

COMPARISONS OF COSTS OF ELECTRICITY GENERATION IN TYPICAL HYDEL, THERMAL AND NUCLEAR STATIONS 

I. CAPITAL COST 
(Approximate plant size 300-700 mW) 

PERIOD 1965/6 TO 1970/1 

Rs. per kW of capacity 



Storage Hydel 

Storage Hydel 

Storage Hydel 

Thermal 

Nuclear 


plant designed 

plant designed 

plant designed 

Plant 

Plant 


for 75% 

for 60% 

for 30% 




Plant Factor 

Plant Factor 

Plant Factor 



Indigenous Investment 

905 

776 

516 

380 

750 

Imported equipment 

201 

194 

180 

570 

750 

Assumed tax on imported equipment 

66 

64 

59 

188 

248 

Interest during period of construction 

387 

_341_ 

249 

205 

474 

Total Investment per kW capacity 

1559 

1375 

1004 

1343 

2222 



PERIOD 1970/1 TO 1975/6 



Indigenous investment 

956 

824 

561 

595 

1100 

Imported equipment 

152 

146 

135 

255 

300 

Assumed tax on imported equipment 

• 50 

48 

45 

84 

99 

Interest during period of construction 

382 

336 

244 

168 

405 

Total Investment per kW capacity 

1540 

1354 

985 

1102 

1904 


TABLE 139(A) 

COMPARISONS OF COSTS OF ELECTRICITY GENERATION IN TYPICAL HYDEL, THERMAL AND NUCLEAR STATIONS 

II. OPERATING COSTS 

STATIONS CONSTRUCTED DURING PERIOD 1965/6 TO 1970/1 

nP per kWh 

STORAGE HYDEL _ _THE RMAL __ NUCLEAR 

Zero Cost Coal Medium Cost Coal High Cost Coal 


tsiumad Plant Factor 75% 

60% 

30% 

75% 

60% 

30% 

75% 

60% 

30% 

75% 

60% 

30% 

75% 

60% 

30% 

Financial charges 

2.4 

2.7 

4.0 

2.3 

2.8 

5.6 

2.3 

2.8 

5.6 

2.3 

2.8 

5.6 

3.7 

4.7 

9.3 

Fuel costs 

- 

- 

- 

0.1 

0.1 

0.1 

1.5 

1.5 

1.5 

3.2 

3.2 

3.2 

0.6 

0.6 

0.6 

Operation & 
maintenance 

0.2 

0.2 

0.3 

0.2 

0.3 

0.5 1 

0.2 

0.3 

0.5 

0.2 

0.3 

0.5 

0.3 

0.4 

0.7 

Special Insurance 

- 

- 

- 

- 

- 

- 


- 

- 

- 

- 

- 

0.1 

0.1 

0.2 

Total cost per kWh 

2.6 

2.9 

4.3 

2 6 

3.2 

UK 

4.0 

4.6 

7.6 

5.7 

6.3 

9.3 

4.7 

5.8 

10.8 


NOTE: These estimates (see paras 342 & 343) include notional items of cost that are not normally included 
in similar estimates of the cost of particular types of generation. 


TABLE 139 (B) 

COMPARISONS OF COSTS OF ELECTRICITY GENERATION IN TYPICAL HYDEL, THERMAL AND NUCLEAR STATIONS 

II. OPERATING COSTS 

STATIONS CONSTRUCTED DURING PERIOD 1970/1 TO 1975/6 

nP per kWh 

STORAGE HYDEL _ _ THERMAL__ NUCLEAR 

Zero Cost Coal Medium Cost Coal High Cost Coal 


Vssumod Plant Factor 75% 

60% 

30% 

75% 

60% 

30% 

75% 

60% 

30% 

75% 

60% 

30% 

75% 

60% 

30% 

Financial charges 

2.4 

2.6 

3.9 

1.9 

2.3 

4.6 

1.9 

2.3 

4.6 

1.9 

2.3 

4.6 

3.2 

4.0 

8.0 

Fuel costs 

- 

- 

- 

0.1 

0.1 

0.1 

1.4 

1.4 

1.4 

3.0 

3.0 

3.0 

0.5 

0.5 

0.5 

Operation and 
maintenance 

0.2 

0.2 

0.3 

0.2 

0.3 

0.5 

0.2 

0.3 

0.5 

0.2 

0.3 

0.5 

0.3 

0.5 

0.7 

Special Insurance 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.1 

0.1 

0.2 

Total cost per kWh 

2.6 

2.8 

4.2 

2.2 

2.7 

5.2 

3.5 

4.0 

6.5 

5.1 

5.6 

8.1 

4.1 

5.0 

9.4 


NOTE: These estimates (see paras 342 & 343) include notional items of cost that are not normally included 
in similar estimates of the cost of particular types of generation. 
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Notes on Tables 138 and 139 A and B 

(1) Calculations throughout are at constant costs 
of 1963/4. 

(2) It has been assumed that all the stations 
concerned have a life, exclusive of civil 
works in hydro,of 25 years and depreciation 
has been calculated on that basis. 

(3) Throughout the calculation of these esti¬ 
mates a rate of 10% has been assumed. This 
rate has been applied not only to the estima¬ 
tion of the interest element in financial 
charges, but also to the assumed rate of 
earnings of any depreciation funds; it has, 
in effect, been assumed that an Electricity 
Board or other electricity authority can in¬ 
vest liquid funds in its own operations to 
secure that rate of return; the same rate of 
interest has been calculated and charged on 
the already outstanding investment during 
the period of construction. 

(4) I'he 10% rate of return has been assumed to 
be inclusive of any taxes borne by the elec¬ 
tricity authority itself, and it has been as¬ 
sumed that tax payments and receipts be¬ 
tween different branches of the Government 
of India can reasonably be neglected. 

(5) The construction periods assumed have been 
as follows: hydel plant, 9 years; thermal 
plant, 5 years; nuclear plant, 5.5 years. It 
has been assumed that expenditures both on 
indigenous and imported equipment are made 
at similar rates over the significant part of 
the period of construction; this appears to 
be reasonably consistent with available 
evidence. 

(6) It has been assumed (see para 343) that, in 
the interest of import saving, preference 
should be given to indigenous equipment or 
construction to the extent of 33%. 

(7) In calculating the relative costs of hydel 
plant on a supposed base load of 75%, it has 
been assumed that the water conductor 
system, penstocks, power-house, turbines, 
generators, transformers and switch-gear are 
limited to those necessary if the hydel plant 
were so loaded. 

(8) The assumed capacity of the hydel plant 


represents the firm power available in all but 
very exceptional years. In calculating the 
relative cost of hydel plant, for instance on 
a supposed plant factor of 30%, it has been 
assumed that the water conductor system, 
penstocks, power-house turbines, generators, 
transformers and switch-gear have been built 
on a scale to provide for this, and similarly 
in the case of 60%. An average life of 60 
years has been assumed for civil engineering 
works; the normal 25 year life has been as¬ 
sumed for all other equipment. 

(9) In calculating the relative costs of coal- 
fired thermal stations, the following assump¬ 
tions have been made about coal prices; 
(1) Zero Cost Coal: It has been assumed 
that surplus washery by-products would 
otherwise be wasted, and are potentially 
available to be used at zero cost (we include 
a small element of handling cost); (2) Medi¬ 
um Cost Coal: it is assumed that the cost 
of coal is equivalent to Rs. 24.5 per tonne 
of coal of 4400 keal/kg; this would be either 
the pithead cost of such coal in an outlying 
coal-field or alternatively the delivered cost 
of 4400 keal/kg by-product coal at a distance 
of about 1500 km from source; (3) High Cost 
Coal: it is assumed that the cost of coal is 
Rs. 53 per tonne of coal of 4400 kcal'kg; 
this, which is equivalent to the highest 
price per kcal paid for of coal by a thermal 
plant in 1961/2, corresponds to coal of 
4400 keal/kg; at a pithead price of Rs. 24.5 
a tonne with nearly 1500 kilometers of rail 
transport. 

(10) In calculating the relative costs of nuclear 
energy the following assumptions have been 
made: the hypothetical station is of Candu 
type; no amortization has been assumed for 
the heavy water: Taking account of inter¬ 
national experience, we have preferred to 
take the upper range of the estimates of 
fuel costs presented to us. In the light of 
American and European practice, we have 
assumed higher operation and maintenance 
• cost than for thermal plant. Following 
practice in similar calculations in Europe, 
we have assumed that, even if the State 
would bear the cost of any compensation, 
it is proper to include a special insurance 
against it as part of the costing. 


34H. Certain conclusions leap to the eye. Nuclear 
energy, on the basis of these calculations of cost, is 
competitive with a thermal station using high cost 
coal or coal midway between high and medium costs at 


75% plant factor; it is competitive only in more limited 
areas at 60% plant factor (which is very far above the 
average plant factor for any Indian system as a whole). 
It is unthinkable that one should incur the capital 
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cost of a nuclear plant in order to operate it at 30% 
plant factor. The break-even point, on the basis of 
our estimates of cost is at about Rs. 36 per tonne for 
coal at 75% plant factor and about Rs. 44 at 60% 
plant factor. Its full economy can be secured if it 
can be worked into the system at 75% plant factor or 
close to that. 

349. Storage hydel is incomparably the cheapest 
method of generating electricity in the conditions for 
which it is most suited,so long as favourable sites 
can be discovered. Hut in particular it has an immense 
advantage over the other methods of generation at 
low plant factors. While it is not cheaper than a low 
cost coal station at an artifically high (and most im¬ 
probable) plant factor, it is far cheaper at 30% plant 
factor. Much the cheapest method, that is to say, of 
carrying the peak loads is to use hydel for this pur¬ 
pose and to construct hydel schemes with the additional 
penstocks, turbines and generating units to meet peak 
demands. 

350. A low coal-cost thermal station, such as can 
be constructed to burn by-product or waste coals at the 
coal-field, if operated at a plant factor of 60% or bet¬ 
ter is probably the cheapest method of generation of 
all. Thus the combination of the economies of large 
thermal stations or nuclear stations operated at high 
plant factor and hydel stations carrying the peak loads 
probably presents the greatest potential economies of 
all. This will be possible, however, only with the 
construction of transmission lines and interconnec¬ 
tions which will permit the most effective use of hydel, 
nuclear and thermal plants in conjunction with each 
other. 

351. In the light of these estimates, it seems 
clear that India will be well advised to continue to 
exploit hydel resources wherever there are suitable 
sites available. In the neighbourhood of Bengal-Bihar 
coal-field and the coal washeries serving it, it will 
be possible to produce very cheap electricity if, as 
we assume, the by-product prices are necessarily re¬ 
duced to secure their full absorption. In areas where 
coal must bear a high transport cost and hydel is not 
available, there is clearly likely to be scope even at 
present costs of nuclear energy, if subsequent stations 
can be built at costs given in tables 138-9. The 
longer term place of nuclear energy in the Indian energy 
economy must wait the development of economic meth¬ 
ods for using thorium. We may hope that these methods 
may be available by the 1970’s. 

(ii) Methods of Transport of Energy 

352. It is clear that in future a large proportion of 
all the electric energy of India will be derived from the 
by-product coking coals associated with the iron and 
steel industry. Even if this is partly located else¬ 
where, the washeries are likely to be built near the 
coal-field. It is clearly necessary to examine the 


question whether it is likely to be more economic to 
carry the energy in the form of high ash content by¬ 
products by rail to generating stations to be built 
near the consuming centres, or to generate near the washeries 
and carry electricity by extra-high-voltage transmission 
lines to points near the consuming centres. 

353. We have made a very detailed and careful 
inquiry into this question and have been assisted in 
our examination of it by experts in Belgium and else¬ 
where who have helped us to work out the probable 
capital costs of suitable EHV lines. 

354. The average unit costs of existing transmis¬ 
sion lines in India are considerably below those in 
most other parts of the world. The reasons appear to 
be that right-of-way costs for land and the clearing 
of the land are low, and that labour costs are low. On 
the other hand the unit costs of steel, conductor, in¬ 
sulators and other equipment are probably higher. 
Indian lines have the advantage that they are not 
susceptible to ice loading which is a critical para¬ 
meter in countries that we have used for purposes of 
comparison; this may permit lighter structures and 
lower cost for steel. The actual or estimated installed 
costs of lines of various voltages are given in 
Table 140. 


TABLE 140 

AVERAGE INSTALLED COSTS PER KILOMETER FOR 
LINES OF VARIOUS VOLTAGES 
(Rs. 000's per km) 

Voltage, kV Belgium! 3 ) United< a ) U.S.A. ( a ) India 

Kingdom 

A. DOUBLE CIRCUIT LINES ON STEEL TOWERS 


66 

- 

- 

106 

41 

132 

- 

87 - 134 

154 

69 

220 

- 

- 

204 

129 

275 

- 

141 - 224 

- 

- 

345 

- 

- 

236 

- 

400 194 - 304 240 - 448 

SINGLE CIRCUIT LINES ON STEEL TOWERS 

— 

66 

- 

- 

68 

27 

132 

- 

- 

98 

42 

220 

- 

- 

132 

77 , 

345 

- 

- 

162 

- 

380 

- 

- 

- 

120 (b) 

400 

- 

- 

- 

123(c) 

500 

- 

- 

210 

155(d) 


(a) excluding right-of-way and clearing costs 

(b) estimate ,by S. A. Quader, Chief Engineer, 
Andhra State Electricity Board. 

(c) estimate by R. D. Jain, D. D., Transmission, 
C.W.P.C. 

(d) estimate by G. S. Bains, Executive Engineer, 
Punjab State Electricity Board for 500 kV line 
insulated initially for 400 kV. 

NOTE: Range of costs for Belgian and British lines 
dependant on capacity of line. 
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355. These relationships suggest that Indian 
costs for a 500 kV line maybe expected to be approxi¬ 
mately Rs. 50,000 per kilometer less than a corres¬ 
ponding American line, excluding in the latter case 
right-of-way and clearing costs. It should he noted 
that the estimate made for the Indian 500 kV line is 
for a line to be initially insulated for 400 kV which 
could later be reinsulated for 500 kV. This would add 
someJIs. 1500 to 2000 per kilometer to the cost. Thus 
it seems to us right to assume that a reasonable esti¬ 
mate of the cost of constructing a 500 kV line in India 
is about Rs. 160,000 per kilometer. 

356. We have estimated also the other transmis¬ 
sion investment which comprises sending and receiv¬ 
ing end transformers, switch-gear, lightning arresters, 
voltage control gear and other equipment. For long 
transmission lines, such as we are here considering, 
these form a relatively minor part of the whole. In an 
American case the line, excluding terminal facilities, 
might cost something like 80% of the total. In India it 
seems reasonable to assume that the costs would be 
about the same as in the U.S.A., with lower installa¬ 
tion costs about off-setting higher equipment costs. 

357. The transmission costs per kWh delivered 
will be mode up of fixed financial charges, operation 
and maintenance and losses. We assume a 10% interest 
rate, and a 35-year life. Making what seem to us proper 
allowances for losses, we have calculated as an 
example, the cost, with a simplified transmission sys¬ 
tem of two lines and suitable terminal equipment, of 
delivering 750 MW at a load factor of 0.7 over a dis¬ 
tance of 600 km (373 miles). The lines might cost 
Rs. 192 million; the terminal equipment might cost 
Rs. 85 millions, making a total investment of Rs. 277 
millions. We would estimate the annual charges as 
follows 

TABLE 141 

ANNUAL COSTS OF 500 kV TRANSMISSION SYSTEM OF 
600 KILOMETERS TO DELIVER 750 MW (a) 

Rs. millions 


Financial charges including depreciation 28.6 

Operation and maintenance 2.7 

Losses 7,5 

Total 39.0 


(a) At assumed load factor of 0.7 

Transmission costs would thus amount to Rs. 52.0 per 
kW per year, or at 0.7 load factor, to nP 0.85 per kWh 
delivered. 

358. We have approached the same problem in 
another way also. An intensive study of optimised 
transmission costs for various loads and various dis¬ 
tances has been made in Sweden, attempting to suit 
the voltage and conductor size to the circumstances. 
While Swedish values cannot be used directly in India, 
it is possible to make an adjustment that may be 
broadly appropriate to Indian conditions. The princi¬ 
pal adjustment that we have made is for the rate of 


interest which is the important determinant of annual 
cost. 

TABLE 142 

OPTIMISED ANNUAL COSTS FOR POINT TO POINT 
TRANSMISSION OF VARIOUS AMOUNTS 
OF POWER FOR VARIOUS DISTANCES 

POWER DISTANCE ANNUAL COSTS PER kW INDIAN COSTS/kWh 


MW 

km 

SWEDISH! 1) 

Rs. 

INDIAN(2) 

Rs. 

at 0.7 annual 
load factor 

nP 

100 

50 

13.3 

19.1 

0.31 


7 70 

32.0 

46.1 

0.75 


coo 

76.8 

110.6 

1.80 

200 

so 

9.6 

13.8 

0.22 


200 

22.6 

32.5 

0.53 


600 

52.8 

76.0 

1.24 

300 

50 

8.4 

12.2 

0.20 


200 

18.4 

26.4 

0.43 


600 

43.8 

62.2 

1.01 

500 

50 

7.3 

10.5 

0.17 


200 

14.8 

21.3 

0.35 


600 

33.6 

48.4 

0.79 

750 

600 

27.6 

39.6 

0.64 

1000 

200 

11.2 

16.1 

0.26 


600 

23.4 

33.7 

0.55 


(1) Source; The Swedish 380 kv system, p.21, Fig. 4. 

(2) Adjusted to reflect capital charges of 10.8% per annum. 


359. It can be seen that the Swedish estimates, 
even when adjusted to the assumed Indian rate of 
interest, are appreciably below the direct estimate we 
have made. However, since the Swedish estimates are 
founded on extensive experience, we are inclined to 
put more credence in them than in the limited studies 
made in India for us and will therefore use them as 
being roughly representative of what may be achieved 
in India. 

360. May we now compare these estimated costs 
with those for transporting similar amounts of energy 
by rail? We have been given rail transportation costs 
for coal by the World Bank Mission now investigating 
methods of improving the capacity of the Indian Rail¬ 
ways. The average cost per tonne for car-load lots is 
according to their estimates Rs. (3.43 + 0.0298 x km). 
This cost includes a return of 6.25% on the capital 
base plus the cost of transhipment to metre gauge 
lines plus the assumed extra cost of movement on 
metre gauge lines. Their average cost in closed 
circuit operation (full train loads), not including 
transhipment or movement on metre gauge lines, 
again at6.25%return on capital, is: Rs. (0.46 t 0.014 
x km). Since we have used in our studies a return rate 
on capital of 10%, we have adjusted the World Bank 
Mission’s costs to our own assumption. Our adjusted 
cost including an adjustment to reflect our assumption 
of 33% tax on imported components (as contrasted 
with World Bank’s 50%) is: Rs. (3.94 + 0.0343 x km) 
for full wagon loads and Rs. (0.53 + 0.0167 x km) for 
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closed-circuit loads. 

361. Our adjusted costs compare with existing 
rail tariffs as follows for selected distances: 

TABLE 143 

FULL COSTS WITH 10% RETURN OF MOVING COAL IN CAR 
LOAD LOTS COMPARED WITH RAIL TARIFFS ON COAL 


AT OCTOBER 1963 


Distance 

Rate pet tonne 
of existing 
tariff including 

Full Costs Including 

10% Return on Capital 
Car-load lots closed circuit 

km 

present surcharge 
Rs 

Rs 

bains 

Rs 

50 

6.16 

5.66 

1.37 

100 

7.33 

7.37 

2.20 

200 

9.90 

10.80 

3.87 

300 

13.28 

14.23 

5.54 

400 

15.33 

17.66 

7.21 

500 

17.13 

21.09 

8.88 

600 

18.82 

24.52 

10.55 

700 

20.33 

27.95 

12.22 

800 

21.66 

31.38 

13.89 

1000 

24.58 

38.24 

17.23 

2000 

34.73 

72.54 

33.93 


362. As always, neither the costs nor the rates 
for car-load lots are directly proportionate to distance. 
The rates are above the estimated full costs for dis¬ 
tances of about 100 km but are below the estimated 
full costs for very long hauls. There is at present no 
existing tariff for closed circuit operations but, on 
the basis of the costs supplied to us, such operations 
may offer very considerable advantage, especially in 
circumstances where the amounts of coal to be moved 
are large. We understand that the minimum quantity for 
such an operation would be about 400,000 tonnes per 
year. 

363. The implied costs of hauling coal per million 
kilocalories and per kWh sent out can be readily cal¬ 
culated. For the illustration that we hove taken wi 
have assumed by-product coal from the washcrics oi 
4,400 kilocalories per tonne. We have assumed a net 
specific consumption of 2640 kcal/kWh (equivalent to 
32.5% net efficiency). We set out the costs on those 
assumptions in Table 144. 

TABLE 144 

RAIL COSTS PER kWh SENT OUT FOR SELECTED DISTANCES 


Distance 

Cost per 
tonne 

Cost per 
million 
Kilocalories 

Cost per 
kWh 

km 

Rs 

Rs 

np 

ar-load lots (10% return including transhipment etc.) 

50 

5.66 

1.29 

0.34 

100 

7.37 

1.68 

0.44 

200 

10.80 

2.46 

0.65 

300 

14.23 

3.23 

0.85 

600 

24.52 

5.57 

1.47 

1000 

38.24 

8.69 

2.29 

2000 

72.54 

16.49 

4.35 


3. Closed circuit full tiains (10% return, no transhipment) 


50 

1.37 

0.31 

0.08 

100 

- 2.20 

0.50 

0.13 

200 

3.87 

0.88 

0.23 

300 

5.54 

1.26 

0.33 

600 

10.55 

2.40 

0.63 

1000 

17.23 

3.92 

1.03 

2000 

33.93 

7.71 

2.04 


364. The above figures do not include any allow¬ 
ance for loading or unloading, or other costs which 
may be common to operation both in a washery-located 
and a consumer-located station. 

365- It will be seen that in circumstances where 
a closed circuit operation is feasible transport costs 
are far below those for car-load lots. They are also 
far below existing tariffs for distances less than 
2000 kilometres. It follows, therefore, that a closed 
circuit operation should be thoroughly investigated for 
certain large scale power plants that are now in being 
or under construction. If the costs of such operation 
are as low as is indicated above, such operation may 
provide an economic outlet for the surplus by-product 
coal that we foresee in the Bihar-West Bengal area. We 
have already referred to this possibility in a previous 
section. 

366. The relative costs of rail transport and 
extra high voltage transmission depend, therefore, on 
a number of complex factors and it seems probable that 
each individual case will have to be considered on its 
own merits. The relative costs are presented in 
Figure J 2, which shows the adjusted Swedish 
data on transmission costs in relation to rail costs for 
wagon-lots and closed-circuit full train loads. The 
latter may be viewed as the upper and lower limits of 
rail transport costs with an actual case falling some¬ 
where between these limits. One practical considera¬ 
tion is that actual route distance between the two 
given points iB usually greater than air-line distance; 
we have examined some situations where route dis¬ 
tance would exceed air-line distance by more than 35%; 
in the majority of situations the difference wijl, of 
course, be less than this. We have provided for this 
complication in the diagram by inflating the distance- 
related component of rail costs by 15% (an actual 
case may require more or less adjustment). On this 
basis it can be seen that the closed-circuit operation 
to load-centred power stations may be the economic 
choice for stations of less than 500 MW. For larger 
stations the advantage may lie with EHV transmis¬ 
sion. But, as we have made clear, each particular 
case will have to be decided on its own merits. 

367. It will be necessary to examine with great 
care the implications of this for Indian policy. In the 
short term it will not be easy to frame policies so us 
to take full advantage of the potential economies of 
electricity transmission. If these are to be economically 
exploited, large amounts of energy at a high load 
factor will be needed. For the time being (he planning 
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of electricity has been pushed far ahead on the basis 
of consumer-located generation. The area of man¬ 
oeuvre before 1970/1 is negligible except in one area 
in central India where we see a possibility of sub¬ 
stituting a high capacity EHV line from the Bihar- 
West Bengal area to provide the capacity that is 
being considered (but not yet finalized) in eastern 
Madhya Pradesh and Maharashtra. After 1970/1 the 
possibilities are greater but the real opportunities 
will present themselves in the later years of the 
f ifth Plan. Thus, the discovery of areas with a suf¬ 
ficient unallocated load to justify the immediate 
building of an F,HV line is difficult in terms of short- 
period policy. But there is a real danger that short¬ 
sighted short period policies may become an obstacle 
to the best long-period planning. It may be desirable 
to invest in a limited network of EHV lines durin» 
the next ten years which will only justify themselves 
fully in a longer period, but which will permit a be¬ 
ginning to be made with the washery-located genera¬ 
tion and long-distance transmission which is clearly 
the right long-term solution. 

(iii) Size of generating units 

368. India will be faced with the problem of the 
best size of unit to manufacture and install in new 
thermal stations. The decision may not be an easy 
one. In an advanced economy, a unit of 100 MW prob¬ 
ably represents the lowest reasonably economic 
size. 1 here may, in the circumstances of an advanced 
economy, be savings as great as 15% in the capital 
costs of generating equipment by going up to250MW. 
There may, in addition, be savings in fuel costs per 
KWh of about 8%. Beyond that size, the further ad¬ 
vantages of scale, though not negligible, are rela¬ 
tively marginal. As shown in Table 145, the econo¬ 


mies come from savings both'in capital costs and in 
fuel; the relative importance of the two depends on 
the cost of fuel and the plant factor; there are also 
economies, though smaller, of operation and main¬ 
tenance. 

369. In a larger advanced economy these savings 
can be secured because there are available all the 
resources and experience of manufacturing and the 
experience of the difficulties of maintaining similar 
large units. In Indian conditions, it will be neces¬ 
sary, in the first stages, to import at very consider¬ 
able cost in foreign exchange, those parts of the 
larger units (such as shaft forgings) which India is 
not yet equipped to produce. Thus, for some years to 
come it is conceivable that the cost of plant per kW 
may be less for a smaller unit made from Indian re¬ 
sources than for a larger unit with difficulties of 
manufacture and a large import-content, if the lat¬ 
ter is valued as we recommended earlier. 

370. The question of the size of units is com¬ 
plicated in Indian conditions by the limitations of 
local demand. In the practice of an advanced country 
with a dense population and high consumption per 
head, it is possible to include fairly numerous sta¬ 
tions of the largest size in the system planning with¬ 
out grave risk. But in a country where demand per 
square kilometer is much lower, a unit of as large 
size as 250 MW will carry the whole load of a very 
considerable area. If it is regarded, as it should be, 
as good practice to carry stand-by plant equivalent 
in size of the largest unit of the system, to plan in 
very large units may involve an undesirably large 
proportion of stand-by plant. Having regard to this, 
as well as other considerations, there are some of 
us who think that it may be to India’s best advantage 
to concentrate during the next ten or fifteen years on 
units of somewhat smaller size, rather Lhan attempt 


TABLE 145 

ADVANTAGE OF SCALE IN GENERATING EQUIPMENT 
Typical trends in the United Kingdom, France and.U.S.A. 

S TATI ON INITIAL COST PER kW FUEL CONSUMPTION PER kWh 

CHARACTERISTICS (5) U.K.(2) U.S.A.(3) U.S.A.(4) Average U.K.(l) France(l) U.S.A.(4) Average 

2x30 MW 123 121 .. (122) .. 120 

2 x 60 - 70 MW 100 100 100 100 100 100 100 100 

2 x 125 MW 97 85 92 91 92 93 96 94 

2 x 250 MW 82 74 88 80 86 89 91 89 

2 x 500 MW 65 82 (71) 86 88 87 


(1) Sources: O.E.E.C. 11th Survey, O.E.C.D. 14th Survey of Electric Power Equipment. 

(2) Source: Information from U.K. Ministry of Power. Stations containing four units would be between 5 and 

10 per cent cheaper. 

(3) Source: Kan Chen and W.K. Linvilli: Some Special Problems of Electric Power Expansion in Developing 

Countries. 

(4) Souce: Federal Power Commission; Bureau of Power; Technical Memorandum No. 1: "Instructions for 

Estimating Electrical Power Costs and Values". Revised March 1960. Since the values scatter 
a gieat deal, the average trend emerging is not very convincing. This column has therefore only 
been counted with 1/2 weight in the average. 

(5) One unit should be about 10% more expensive, 4 units 5 to 10% less expensive per kW. See also footnote 

( 2 ). 
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immediately to proceed to units of the largest size. 
There are others of us who think that in view of the 
rapid progress currently being made in the formation 
of regional grids, and especially in view of the rapid 
growth in density of demand foreseen in the next 
several decades, India should proceed boldly with 
the manufacture of the large equipment that is now 
accepted by the more advanced countries. There are, 
however, two issues which need to be clearly dis¬ 
tinguished. There are the economies of scale proper, 
which we have set out in Table 145. But in advanced 
countries there tends to be progress simultaneously 
not only in respect of size but also in respect of steam 
pressures and temperatures which involve difficult 
problems both of manufacture and of maintenance; in 
practice some of the advanced countries are cur¬ 
rently encountering difficulties with new large sta¬ 
tions in respect of these aspects of progress. In 
Indian conditions very high pressures and tempera¬ 
tures. designed to reduce fuel consumption, are not 
important. Coal is relatively cheap, coal mining 
labour is not scarce and the particular by-products 
and slack coals that can be used for electricity may 
well be in surplus. Thus the right course for India is 
to be bold in respect of pure size, but cautious in 
respect of pressures and temperatures. The right 
policy is almost certainly to advance in size as 
rapidlv, but no more rapidly, than is consistent with 
a low import-content of plant built in India. An ex¬ 
ample of simplified design, such as we have in mind, 
was presented to the Committee at one of its December 
(1963) meetings. This is a matter that will need to be 
investigated further. 

(iv) Rural Electrification 

371. Rural electrification cannot be regarded as 
a strictly economic activity. It has indeed many of 
the characteristics of a social service. But it has an 
important place in Indian development policy and it 
is necessary to consider the implications for the 
electricity supply industry. 

372. Of the total Indian population of about 445 
millions, over 80% live in rural areas. There are in all 
some 560.000 “places” in India, including all towns 
and villages. Of these, only 1,441 have populations 
of over 10,000. Of the total 560,000 “places”, by 
end-1%2 3, the following proportions had been 
ele ctri fied: 


TABLE 146 

THE EXTENT OF RURAL ELECTRIFICATION 
End-March 1963 


Size 

of 

Number of 

Percentage 

Number not 

"Place" 1 

Places 

Electrified 

Electrified 

Over 

50,000 

184 

100.0 

- 

20,001 - 

50,000 

398 

97.0 

12 

10,001 - 

20,000 

853 

89.4 

90 

5,001 - 

10,000 

3,081 

59.6 

1,244 

2,001 - 

5,000 

20,374 

26.1 

15,067 

1,001 - 

2,000 

51,478 

11.3 

45,666 

501 - 

1,000 

103,639 

4.8 

98,616 

0 - 

500 

367,027 

1.5 

361,385 


373. Rural electrification has proceeded at sub¬ 
stantially different speeds in different parts of India. 
We set out in Table 147, the percentages of places 
of different sizes that had been electrified by 19&1 
in different States and Regions. It is clear that in 
different States very different policies have been fol¬ 
lowed. In some States there was in 1961 a high de¬ 
gree of electrification throughout all sizes of places; 
in others a relatively low degree. Some States have 
almost complete electrification down to places of 
5,000 but have relatively little electrification of 
smaller places; others again have relatively high 
electrification of smaller places, but far from com¬ 
plete electrification of 5,000 and above. 

TABLE 147 

PERCENTAGES OF PLACES OF DIFFERENT SIZES 
ELECTRIFIED IN DIFFERENT STATES 
1961 


Places 

Places 

Places 

Places 

Places 


of 

of 

of 

of 

of 

0 

- 

501 - 

1001 - 

2001 - 

5001 - 

Regions 

500 

1000 

2000 

5000 

10,000 

Eastern Region 

Bihar 

0.9 

3.3 

7.2 

14.0 

42.7 

Orissa 

0.1 

0.5 

1.1 

10.9 

88.5 

West Bengal 

0.2 

1.0 

2.6 

8.1 

22.9 

Northern Region 

Punjab 

6.5 

14.0 

26.8 

64.5 

94.9 

Rajasthan 

0.1 

0.2 

0.4 

2.8 

48.2 

Jammu 8> Kashmir 






Central Region 

Uttar Pradesh 

2.2 

5.0 

8.2 

15.9 

50.1 

Madhya Pradesh 

0.2 

0.7 

2.6 

12.6 

61.4 

Western Region 

Maharashtra 

0.9 

1.8 

4.1 

10.5 

39.7 

Gujarat 

0.6 

2.6 

9.0 

29.0 

62.9 

Southern Region 

Madras 

14.2 

27.6 

37.5 

51.4 

87.8 

Mysore 

0.7 

12.8 

17.3 

24.4 

43.8 

Kerala 

8.8 

15.3 

31.0 

41.6 

59.3 

Andhra Pradesh 

1.4 

5.3 

12.0 

26.0 

67.1 

Assam Region 

0.1 

0.2 

0.7 

3.1 

69.2 

All India 

1.6 

4.9 

11.3 

26.0 

59.6 


374. In 1951 only 4,000 places of all sizes 
had electricity. By the beginning of the Third Plun, 
the total of places electrified was 25,640. By the 
end of the Third Plan it is hoped that the number will 
have been increased to 45,640 - an addition of 20,000 
places. The intention is that all places with popula¬ 
tions over 5000 shall have electricity, and in ad¬ 
dition some 41,000 of the 543,000 places with popu¬ 
lations under 5000, as compared with 22,665 in 1961. 

375. In very few cases is the supply of elec¬ 
tricity to small villages truly economic. The main 
elements of the load in rural areas arc irrigation 
pumping; small industrial purposes (principally 
processing industries associated with agriculture); 
the provision of drinking water supply; street light- 
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ing. The domestic lighting load is seldom more than 
minimal. 

376. The contribution of rural electrification to 
national development may be partly a matter of wel¬ 
fare and of a psychological feeling of advance, but 
it will partly be a matter of actual economic ef¬ 
ficiency. It is by no means easy at present to measure 
the extent to which the multiplication of electrified 
wells is contributing to agricultural progress. It is 
well known that the great annual differences due to 
the monsoon mean that it is only over a long run of 
years that progress can be at all accurately measured. 
The area irrigated by wells has increased greatly. 
In 1958/9, of a total irrigated area of 23.4 m. hec¬ 
tares, 6.7 m. or 30% were irrigated by wells. The 
amount of electricity sold for irrigation and de¬ 
watering purposes increased a little more than four¬ 
fold between 1950/1 and 1960/1. 

377. There is little question that at present 
charges the substitute n of electricity for animal 
power provides a great saving in costs to the culti¬ 
vator. It has been estimated that the irrigation cost 
per hectare per crop of paddy is reduced from Rs. 
1230 with bullocks to Rs. 205 with a diesel engine 
pump and to Rs. 138 with an electric pump. This 
means, once experience has spread in an area, there 
is a pressing demand for electricity. 

378. The rates fixed for agricultural consumers 
have been made exceptionally favourable. They are in 
most States equal to or less than the rate for small 
industrial power and only a half to a quarter of the 
normal rates charged to domestic consumers. State 
Electricity Boards have also been generous with con¬ 
cessions to rural consumers, in provision of free ser¬ 
vice connections, in waiving minimum charges in per¬ 
iods of drought, or when use of electricity has been 
precluded for other reasons. 

379. The provision of electricity has also con¬ 
siderably assisted the setting up of small-scale in¬ 
dustries in rural areas and the contribution that has 
made to improving employment prospects in rural areas. 

380. In all these ways, rural electrification has 
undoubtedly provided a real and valuable service. But 
the extension of electricity to these areas is scarcely 
ever a paying commercial proposition, at least in the 
eariy years of development. From the point of view of 
the electricity supply services of India what is im¬ 
portant is to judge just how far this service can prop¬ 
erly be extended, without imposing on the industry 
excessive financial .handicaps in pursuing its major 
objectives: those of extending its generating capacity, 
improving its transmission and distribution systems, 
and serving the pressing needs of productive industry. 
The test of the rate of further rural electrification 
beyond the stage that will be reached at the end of 
the Third Plan should, in our view, be the same sort 
of test that should be applied to a social service- 
health, education or welfare-generally: How much of 
this service can the nation afford at its present income 


level? The fact that the service has hitherto, been 
provided at the expense of other electricity consumers 
should not obscure the need to ask this question. The 
nation will, wc expect, be asking electricity consu¬ 
mers in any case to bear a significant part of the cost 
of extending the national system, in the interest of 
others as well as themselves: thus there may be a case 
for regarding rural electrification as similar to a 
social service in the more normal sense that it should 
be financed, partly at least, by payments made from 
the general revenues of India or the States. 

381. Whatever decision may be made regarding 
the future scale of rural electrificatipn, and whether 
or not slightly more severe tests of probable load 
should be imposed before electrification is granted, 
we are convinced that slightly lower standards of 
construction for rural areas might be accepted without 
danger. The relatively small reductions in standards 
concerned include: lower factors of safety for metal 
and wood supports, lower ground clearances in sparse¬ 
ly built rural areas, the omission of the guard cradle 
between high and low voltage lines and the somewhat 
more limited use of protective devices. We are con¬ 
vinced that many of the specifications used hitherto 
have been unnecessarily high and consequently much 
too expensive for Indian conditions, Everywhere, or 
almost everywhere, in India the expensive three-phase 
system has been used. Elsewhere in the world large 
areas have been electrified using much cheaper single¬ 
phase construction. We are not convinced that the 
three-phase system is justified even though irrigation 
pumping and industrial motors are involved. Rural 
electrification could proceed both more rapidly and 
more economically if the present somewhat extrava¬ 
gant standards were reviewed to save cost in every 
possible way and to adapt them effectively to Indian 
conditions. * 

(v) The Future Organization and Regulation of 
Electricity Supply. 

382. The need for some further rethinking of the 
institutional framework of the electricity supply has 
come, as before, from changes in the technological 
background. Most noteworthy of these have been the 
economies of scale due to the availability of much 
larger generating units and the substantial advances 
in the art of electricity transmission. Together, these 
changes provide the elements of a supply system 
entirely different from the historic small generating 
station at every load centre. They also provide the 
means for minimising the amount of necessary stand¬ 
by plant. But effective use of large generating units 
and implementation of extensive transmission and 
inter-connection implies larger units of organisation, 
or close and effective collaboration between smaller 
units. 

383. A second need for rethinking has derived 
from the increasing importance oFlarge hydro-electric- 

*Shri C.S. Krishna Moorthi a member of tho Committee 
fools that tho conclusion of tho coso as expressed 
in Chapter 16, para 508, on tho summary ond con¬ 
clusions gives a bettor presentation of tho proper 
view on rural electrification. 
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ity schemes which use the waters of rivers which 
flow through two or more States or form the boundaries 
between them, so that fully effective exploitation is 
not possible except by some co-ordinated policy. 

384. A third ground for rethinkina will, we be¬ 
lieve, make itself increasingly felt during the next 
few years. Very large amounts of coking-coal by¬ 
products will become available for electricity genera¬ 
tion in the Eastern Region. The most economic use 
of these, as we have shown earlier in this Chapter, 
will be to generate electricity near the washery and 
transmit it by high-voltage power lines to the con¬ 
suming areas. Thus, it seems to us certain that States 
will tome to depend increasingly on electricity gen¬ 
erated outside their own borders. 

385. A fourth ground is inherent in the rapidly 
developing nuclear technology which, if further sta¬ 
tions can be built at the costs given in tables 138-9, 
promises that large nuclear generating stations will 
soon be competitive with conventional thermal stations 
in areas far from cheap fossil fuels. 

386. It is clear that all these grounds for Te- 
thinking the organisational structure of the industry 
emphasise the need to introduce into the structure 
more consideration of the wider regional - or national- 
scale aspects of the problems of planning and operat¬ 
ing an all-India' electricity system. Without such 
regional or national-scale planning and operation 
India cannot enjoy the full benefits of a modern effi¬ 
cient electricity supply and will be handicapped in 
organising economic development. 

387. The problems of the best basis for organi¬ 
sation are significantly different in relation to gen¬ 
eration and long-distance transmission on the one 
hand and in relation to distribution on the other hand. 
The problems of distribution are local problems, re¬ 
quiring detailed local knowledge and experience and 
detailed decisions. There can, in our view, be no doubt 
that the present State Electricity Boards are better 
equipped to perform these local functions than any 
larger organisations. On the other hand, the planning 
of a national generating system and the designing of 
its accompanying long distance transmission lines, so 
as to secure the fullest advantage of the cheapest 
fuel sources and the best siting of power stations to 
use these fuels and to serve a wide area of consumers, 
raise problems that require central co-ordination and 
action guided by national rather than State or regional 
considerations. Somewhat similar problems are likely 
to arise in relation to day-by-day operation. It will be 
necessary to operate large nuclear and thermal stations 
located in one State partly in the interest of consum¬ 
ers located in other States; and these consumers and 
the distribution organisation serving them must be in 
a position to know with certainty that their needs will 
not be subordinated to the needs of consumers who 
happen to be located in the same State as the power 
station. Also, with a view to the optimum utilization 
of generating capacity and natural resources, the 


nuclear and thermal power stations located in one 
State may need to be operated in conjunction with 
hydel stations in another State. All this argues the 
advantage of some central and co-ordinating organisa¬ 
tion with a large measure of responsibility and con¬ 
trol over generation and long-distance transmission. 

388. The first stage in achieving this larger 
scale organisation of generation and long-distance 
transmission has been the creation of five electricity 
supply regions, implying in all cases the collaboration 
in a regional organisation of a group of States or other 
political units, with common boundaries and common 
regional problems of the development and use of 
potential energy resources. In each region there is 
being created a regional Board, composed of repre¬ 
sentatives of State Electricity Boards and of the 
Central Government, and a regional load despatch 
centre which, operating under the regional Board, will 
secure that the best use is made of the generating 
capacity of the region in the interests of the region 
as a whole. For the moment, the regional Boards 
represent a form of voluntary collaboration of the 
various States concerned. The regional Boards possess 
no legal or financial status and their decisions must 
be implemented through the actions of the individual 
State Boards. 

389. It remains for the moment uncertain whether 
such voluntary collaboration can or cannot succeed in 
providing the means of effective reorganisation and 
efficient operation. The voluntary collaboration can 
in the end be sufficient only if the State Electricity 
Boards are prepared to make their full and effective 
contributions to regional developments and to act 
quickly and decisively where the regional develop¬ 
ment requires action by a particular State. There have 
been some instances in which action in such cases 
has not been as prompt or effective as it should have 
been. 

390. It would seem likely that some legislation 
will be required in any case to give more formal legal 
and financial status to regional Boards, to define 
their powers and possibly to give them the power to 
own and operate generating stations and transmission 
lines, designed to serve the interests of the region as 
a whole.If legislation is in fact likely to be necessary, 
it is proper to ask whether the right basis of any more 
centralised organisation should be the region or the 
nation as a whole. There are considered in this report 
a number of possible lines of development which cut 
across the boundaries of regions and imply the use of 
hydel stations, large washery-based thermal stations, 
and nuclear stations to meet in part the needs of more 
than one region. It seems likely that in the long-run 
it will be found necessary to organise more formally 
the collaboration of the regions in a national system 
as well as the States in a series of regional organisa¬ 
tions. 

391. Whatever may be the form of organisation of 
the next few years, the voluntary collaboration of 
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States within regions and of regions within a national 
system, or a more formal reorganisation on a national 
basis - certain essential requirements of operating 
efficiency need to be emphasised. Clearly the respon¬ 
sible body, if it is to exercise the effective powers 
that we have in mind, must be in a position to deter¬ 
mine the policy with regard to all generation and to 
determine, through those who carry the decentralised 
local responsibilities, in actual day-to-day operation, 
what stations shall carry the load and, if the large 
nuclear and thermal stations are to operate efficiently 
on a high plant factor, which local stations are to be 
shut down when necessary. It must excercise author¬ 
ity over electricity development within States and not 
merely over movements of energy from State to State. 

392. Centralisation of the planning and strategic 
organisation of the industry cannot, however, imply 
centralised dav - to - day execution of the centrally 
determined policy in all its details. It is unthinkable 
that the Indian electricity supply system should be 
run in practice as a single unit. The areas covered are 
too vast. Thus even if there were central ownership 
and strategic control, there would have to be decen¬ 
tralisation of the detailed day-to-day execution. 

393. If a policy of'centralised responsibility is 
accepted, this could be achieved, as it was under the 
United Kingdom Act of 1926, by permitting the State 
Electricity Boards to retain the ownership of existing 
stations and to operate them under the instructions of 
a Central Electricity Generating Board, while provid¬ 
ing that future stations would be constructed and 
owned by the Central Electricity Generating Board. It 
could alternatively be achieved by the transfer of 
ownership and operation of all existing and future 
generating stations and long-distance transmission 
lines to the Central Electricity Generating Board, as 
has been done under the subsequent United Kingdom 
legislation 

394. Such a reorganisation would leave the State 
Electricity Boards with all responsibility for the dis¬ 
tribution of electricity within each State; they would 
purchase electricity on agreed terms from the Central 
Electricity Generating Board, and po 3 sibly, if so 
decided, operate selected stations under instructions 
from the Central Electricity Generating Board. But in 
all other respects we suggest that operation and con¬ 
trol of State systems, to the extent that such powers 
remain with the States, be vested primarily in the State 
Electricity Boards. At present in some parts of India, 
State Governments continue to own and operate gen¬ 
erating Stations and direct distributive agencies. We 
suggest that so far as possible, in each State the State 
Board should become the authority responsible for 
operating any generating stations which remain the 
responsibility of the State Government and all public 
sector distribution systems. 

395. It will be necessary to work out an equit¬ 
able basis for the charging of electricity from any 
Central Electricity Generating Board to the State 


Electricity Boards, which bu>c and distribute; ana¬ 
logies can be found in the experience of a number of 
countries. If the Central Electricity Generating Board 
finds it desirable in some circumstances to buy sur¬ 
plus electricity from high-cost producers, the elec¬ 
tricity should be 9old at a price related to all the 
operations of the Board and not to the cost to it of 
this particular block of energy. 

396. We suggest finally that the State Electricity 
Boards should be regarded everywhere as bodies with 
a predominantly economic responsibility to generate 
electricity (if that remains their responsibility) and to 
distribute it a9 efficiently and economically as possi¬ 
ble; that the criteria governing all their decisions 
should be economic in the broadest sense, and having 
regard to national as well as local and regional in¬ 
terests, rather than political. State Government of¬ 
ficials who may serve on State Boards should accept 
these criteria and not use their influence to impose 
political decisions. 

397. There remains the problem of the future of 
the large and well established private utilities opera¬ 
ting in some of the great cities. We realize that their 
future cannot be dissociated from the general political 
policies of the Government of India with regard tothe 
limits of the public and the private sectors. But many 
of us feel grave concern that the present uncertainties 
are making it difficult to plan and finance the expan¬ 
sion of electric supplies on the scale which is very 
urgently needed for development in these cities. Some 
of us feel that, in view of the controls that already 
exist over their operations, no great harm would be 
done and considerable advantage gained by allowing 
them to expand their operations to the extent that 
conforms to the broad national and regional electricity 
policy. 

(vi) Some Problems of Increasing Efficiency. 

398. We wish to conclude this Section by con¬ 
sidering the ways in which the efficiency of the elec¬ 
tricity supply , industry in India may be increased. 
While efficiency in some respects and in some places 
is already high, and the industry owes much to the 
devotion and enthusiasm of many individuals, there is 
9till scope for improvement and for a levelling up 
towards the efficiency of the best. 

399. We are convinced that the Power Survey, 
initiated a few months ago, has a very valuable con¬ 
tribution to make by enabling oil concerned on State 
Boards, in the States and in private undertakings to 
see how they and the neighbouring systems on which 
they may have to depend for assistance are likely to 
stand, and how, over a comparatively short period, 
load on the one hand and capacity on the other hand 
are likely to grow. We hope that the Power Survey will 
remain a permanent feature of electricity operation in 
India. 

400. Its value must depend on very honest and 
very frank appraisal of the situation - on very realistic 
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estimates both of load and of dates at which capacity 
may in fact become available. Its value would very 
easily disappear if it became a marriage of unrealistic 
load estimates with unrealistic capacity estimates. 

401. But we believe that it will never be easy to 
make good demand estimates for periods so far as 
ten years ahead merely on the basis of local expecta¬ 
tions. At intervals, as a check on these, it will almost 
certainly be necessary to conduct such a general 
examination of longer-term prospective demands as we 
have been engaged in making. With increasing experi¬ 
ence, both of the longer term growth rates of the 
Indian economy and of thfe tasks of estimating, it 
should become possible to make better estimates. 

402. There remain, we believe, certain planning 
tasks for which provision even now is inadequate. 
The tasks of system planning - of fitting the right 
next developments of large hydel, thermal, or partic¬ 
ularly nuclear plants into the system as a wholg, 
with all the inevitable repercussions on existing 
plants - are tasks which require very full collaboration 
on a basis which will increasingly be wider than 
either the State or the Region. Thought will need to 
be given to the best ways of organising this collab¬ 
oration. 

403. Finally, we must emphasise the need for 
more and better training. The industry, growing as 
rapidly as it has, is very seriously short of well- 
trained manpower, equipped with knowledge and ex¬ 
perience to take over full responsibility for some of 
the new large units that are coming into service. We 
think that very careful thought should be given well 
in advance to the personnel who are to take charge 
and operate a new station. Where comparable units do 
not exist in India, arrangements could very probably 
be made in the United States, the United Kingdom or 
elsewhere for some of those appointed to take over 
to obtain experience on identical or very similar units 
in plants in those countries. It is important to have in 
mind the very big differences between most of the 
new plant that is being installed and the old umull- 
sized units on which many of those in the industry 
have gained their experience. Even those of consider¬ 
able experience will be confronted by a major problem 
of adaptation. Consideration should also be given to 
the employment of experienced foreign experts to 
assist on-site training during the first five to ten 
years of operation of new projects. 

VI. THE PROBLEMS OF MEETING THE DEMANDS 
FOR ELECTRICITY 1970 1 TO 1980 1 

404. The estimates that we have presented in 
earlier Chapters of this report indicate that, on the 
basis of our forecasts, the final consumption of elec¬ 
tricity may he expected to increase approximately as 
follows: 

TABLE 148 

ESTIMATES OF DEMAND FOR FINAL CONSUMPTION 
OF ELECTRICITY 



1960/1 

(TWh) 

1970/1 

1975/6 

1980/1 

Case 1 

16.9 

59.0 

90.6 

139.3 

Cass II 

16.9 

64.7 

104.7 

169.7 

Case III 

16.9 

74.0 

124.1 

204.4 


405. These are estimates of final consumption, 
and exclude losses in transmission and distribution 
and the station consumptions of electricity If suit¬ 
able allowances are made for these, the gross genera¬ 
tion required to meet these final demands may be 
estimated to be as follows: (See also Figure 13) 

TABLE 149 


ESTIMATES OF GROSS GENERATION OF ELECTRICITY 



1960/1 

(TWh) 

1970/1 

1975/6 

1980/1 

Case 1 

20.15 

69.7 

107.5 

166.0 

Case II 

20.15 

76 6 

124.4 

202.3 

Case III 

20.15 

88.3 

147.5 

244.0 

406. 

A detailed 

study has been 

made 

by Mr. Bush 


of the Detroit Edison Co., Chairman of the Working 
Group of the Energy Survey Committee, of the pro¬ 
blems of providing these amounts of gross generation; 
this is printed as Annex 2 of this report. His esti¬ 
mates are based on an assumed system plant factor in 
1970/1, measured in terms of gross generation, of 
48%, rising in 1975/6 and 1980/1 to 51% (apart from 
the Assam Region) as the result of closer integration 
of facilities through improved transmission nets. Mr. 
Bush’s calculations have assumed that a 48% system 
plant factor in 1970/1 should meet the needs on the 
basis of a load factor (ratio of average load to maxi¬ 
mum load) of 60% and a demand factor (ratio of peak 
gross load to gross generating capacity) of 80%. His 
51% factor in later years is based on a load factor of 
60% and demand factor of 85%. Measured in terms of 
gross generating capacity, Mr. Bush’s calculations 
(which arc given in Tables 2-8 & 2-9 of Annex 2) 
suggest the need for gross generating capacities 
including an allowance for non-dependable capacity 
in the various years as shown in Table 150. 

TABLE 150 

MR. BUSH'S ESTIMATES OF REQUIRED GROSS 

GENERATING CAPACITY AT VARIOUS DATES 

(GW) 



1960/1 

1970/1 

1975/6 

1980/1 

Case 1 

5.6 

18.4 

24.8 

38.0 

Case II 

5.6 

19.2 

28.7 

46.2 

Case III 

5.6 

21.4 

33.9 

55.7 


407. Mr. Bush’s calculations assume a margin in 
1970 1 of 20% between peak load and dependable 
installed capacity. Estimates of required capacify 
made for the Central Water and Power Commission 
have assumed for 1970 1 a ruther larger murgin - of 
the order of 21.4%, and on the basis of similar esti¬ 
mates of load would calculate a somewhat larger re¬ 
quirement for installed capacity. 

408. The estimates of the Central Water and 
Power Commission have also assumed a somewhat 
larger load than is indicated by the calculations pre- 
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sentcd in this report. The first annual report of the 
Power Survey included estimates of energy require¬ 
ments for 1970/1 amounting to 95.1 TWh for public 
utilities and a further 1.4 TWh for non-utilities, mak¬ 
ing 96.5 TWh in total. Other estimates made by the 
Perspective Planning Division have suggested a total 
requirement of 95.1 TWh. Calculations based on the 
assumed load of the First Power Survey and using the 
same margins as those proposed by Mr. Bush, would 
indicate tiie need for about 23.6 GW of installed ca¬ 
pacity. to be available at the time of peak load in 1970/1. 

0 19. In Table 151 we show the estimates of con¬ 
sumption per head which'have emerged from the very 
different methods of estimation used by the Power 
Survey and this Energy Survey. The Power Survey 
estimates for the earlier years of the period 1960/1 
to 1970 1 were based on known intentions and demands 
of specific- consumers in specific states or areas es¬ 
timated in terms of the kilowatts of capacity they 
were understood to need. The kilowatthours of con¬ 
sumption were calculated on assumptions of the prob¬ 
able hours of use of the capacity. For the later years 
covered by the h irst Power Survey (including 1970/1), 
there was inevitably an element of uncertainty regard¬ 
ing intentions to construct particular new enterprises 
and regarding their probable requirements and, very 
properly, some element of provision was made for 
possible currently unknown additions. While the proj¬ 
ects included in the Power Survey were based on known 
intentions of Ministries, there was no automatic method 
of ensuring that the aggregate of projects included, 
together with the provisions for unknown additions / 
would in total represent the particular rate of growth 
of the Indian economy which we huve accepted as our 
Case III. The latter, based on estimates of outputs 
made in the Perspective Planning Division, represents 
one solution of growth at a specific rate. If certain 
elements have been underestimated, certain other 
elements have been over estimated. For the rates of 
growths we have assumed, we believe that the Energy 
Survey estimates represent a reasonable estimate of 
the energy required. But we cannot say with certainty 
that they relate to the same rate of growth that is 
implicit in the Power Survey estimates, including the 
provisions in the latter for unknown additions._ 

410 The differences between the estimates for 
1970/1 presented in this report and those of the 
Power Survey are small for most of the regions con¬ 
cerned and are apparently concentrated in a small 
number of States. We think that the Central Water and 
Power Commission will be well advised to re-examine 
some of tho estimates included in the first Power 
Survey in tile light of the new information and r.on- 
sider,inthe light of experience of how load is develop¬ 
ing, whether the higher estimates are justified or not. 


TABLE 151 

COMPARISON OF ESTIMATES OF DEMANDS FOR ELECTRICITY 
IN 1970/1 MADE BY FIRST POWER SURVEY 
AND PRESENT REPORT 
(kWh of gross generation per head) 



1960/1 

1970/1 

1970/1 

1970/1 

1970/1 


Actual 

Power 

Present 

as %of 

as %of 



Survey 

Report 

1960/1 

1960/1 

Regions 




Power 

Present 

kwh 

kwh 

kwh 

Survey 

Report 


All India 

46 

172 

160 

374 

348 

Eastern 

64 

192 

191 

300 

298 

Northern 

37 

193 

136 

522 

368 

Central 

20 

102 

102 

510 

510 

Western 

80 

232 

243 

290 

304 

Southern 

46 

191 

167 

415 

363 

Assam 

4 

82 

49 

2050 

1225 


411. The estimates made by the Perspective 
Planning Division for 1970 /1 also show slightly 
higher estimates than our own: their estimate of 65.1 
TWh of gross generation is about 7.7% higher. Ac be¬ 
lieve that a large part of this difference, is due to the 
fact that their calculation is (we understand) based on 
constant norms of electricity consumption per unit of 
output, whereas our own assume declining, or more 
rapidly declining, norms. In most European countries 
the average input of energy per unit of output declines 
by about 0.5% a year. A failure to make allowance for 
this in European countries has led to overestimalion 
of demands. For the period 1960 / 1 to 1970 T a simi¬ 
lar improvement in the techniques of using energy, 
such as one might currently expect in India, might 
perhaps account for about 5.1% out of the difference 
of 7.7% between the two estimates. 

412. The calculations of the Central Water and 
Power Commission, when allowing for the slightly 
greater margins that they have assumed, suggest the 
need for 24.0 GW of gross generating capacity includ¬ 
ing non-ulilities in 1970 1. When account, is taken of 
the fact that final consumption of electricity is grow¬ 
ing about 12% a year and that it is desirable to have 
installed by the end of 1970 1 sufficient capacity to 
meet higher demands in 1971 2, that amount of in¬ 
stalled capacity is not disproportionate to the higher 
load on which their calculations have been based. 
But we emphasise the need for re-examination of the 
underlying load assumption. 

413. On these alternative assumptions of load 
and of installed capacity it is possible to calculate 
the fuel requirements. We shall assume the following 
alternative amounts of installed capacity of different 
types. 
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TABLE 152 

ESTIMATES OF INSTALLED CAPACITY 
AND GROSS GENERATION 
1970/1 


Hydel 

Steam 

Diesel Nuclear 

Total 

1. Mr. Bush’s estimates (Case III only) 




Installed Capacity 

10.5 

10 0 

0.4 

0.6 

21.4 

Gross Generation, TWh 

36.1 

47.9 

0.4 

3.9 

88.2 

Hours of Use, hrs 

3406 

4790 

1110 

6570 

4088 

Plant Factor, % 

38.9 

54.7 

11.4 

75.0 

46.7 

II. Alternative Estimates (C.W.P.C.) 




Installed Capacity, GW 

10.0 

13.0 

0.4 

0.6 

24.0 

Gross Generation, TWh 

30.0 

61.4 

1.1 

4.0 

96.5 

Hours of Use, hrs 

3000 

4720 

2600 

7000 

3939 

Plant Factor, % 

34.2 

53.9 

29.7 

79.9 

45.0 

114. It will be 

seen 

that 

Mr. 'lusii 

i calculates 

that a total of 47.9 TWh will be 

generated in thermal 

stations; the alternat 

ive c; 

ulculat 

ions wou 

Id give 61.1 

TWh. On the alternat 

ive assumpt 

ions, the 

amounts of 

coal required in 1970 

1 for the generat inn 

of el 

oetric- 

ity, assuming an average 

therma 

1 efficiency o 

f 32.5', 

in new steam plants 

and 

about 

2(n in 

older 

steam 

plants, may be calculated 

as follows; 




TABLE 153 

COAL REQUIREMENTS FOR ELECTRICITY GENERATION 
1970/1 



Assumed Total 

Assumed Gross 

Coal 


of Gross 
Generation 

Generation in 
Thermal Stations 

Required 


TWh 

TWh 

m. tonnes 

Mr. Bush's 

calculations 

88.2 

47.9 

24.4 

C.W.P.C 

calculations 

96.5 

61.4 

34.7 

Alternative 

calculation 

96.5 

55.3 

28.8 


41 f>. Both the above calculations assume that a 
fraction of the generation in thermal stations will be 
provided by oil, natural gas or lignite. It will be seen 
that Mr. Bush expects that tlje hydel capacity will be 
able to be used for a larger number of hours in a year 
than has been assumed in the C.W.P.C. calculations. 
If, still making the assumption of a total demand for 
96.5 TWh, it were assumed that the hydel capacity 
could generate, as Mr. Bush has calculated, 36.1 TWh, 
the amount to be generated in steam stations and the 
coal required would be as shown in the alternative 
calculation. For purposes of this report we shall con¬ 
tinue to assume a total of 88.3 TWh of gross generation 
in Caselflin 1970 1 and a coal consumption of 24.4m. 
tonnes. 


416. For the later years estimates based on simi¬ 
lar illustrative calculations by Mr. Bush are presented 
in Table 154. 


TABLE 154 

SOME ESTIMATES OF A POSSIBLE PATTERN OF INSTALLED 
CAPACITY AND GROSS GENERATION 
ALL INDIA: CASE III 

Steam and 
Gas 


Year 

Hydel 

Turbines 

Diesel 

Nuclear 

Total 

1960/1 






Installed capacity, GW 

1 9 

8 4 

0.3 

- 

5.6 

Gross Generation, Twh 

7.8 

11 9 

0.5 

- 

20.2 

Hours use of Capacity, hrs 

4200 

3500 

1529 

- 

3611 

Plant Factor, % 

47.9 

40.0 

17.5 

- 

41.2 

Gross spec. cons, keal/kwh - 

4580 

- 

- 

- 

1970/1 






Installed capacity, GW 

10.5 

10.0 

0.4 

0.6 

214 

Gross Generation, Twh 

36.1 

47.9 

0.4 

3.9 

88.2 

Hours use of Capacity, hrs 

3406 

4790 

1110 

6570 

4088 

Plant Factor, % 

38.9 

54.7 

11.4 

75.0 

46.7 

Gross spec. cons, keal/kwh - 

2876 

- 

- 

- 

1975/6 






Installed capacity, GW 

17.5 

14.1 

0.3 

2.0 

33.9 

Gross Generation, Twh 

57.0 

77.1 

0.3 

13.1 

147.5 

Hours use of Capacity, hrs 

3257 

5468 

1000 

6570 

4351 

Plant Factor, % 

37.2 

62.4 

11.4 

75.0 

49.7 

Gross spec. cons, keal/kwh - 

2632 

- 

- 

- 

1980/1 






Installed capacity, GW 

28.6 

21.9 

0.2 

5.0 

55.7 

Gros$ Generation, Twh 

76.6 

134.4 

0.2 

32.8 

244.0 

Hours use of Capacity, hrs 

2680 

6140 

1000 

6570 

4380 

Plant Factor, % 

30.6 

70.1 

11.4 

75.0 

50.0 

Gross spec. cons, keal/kwh - 

2444 

- 

- 

- 

(o) Hydol Copociry 

includ 

e» an 

al Iowan 

ce for 

non- 

dependable capac 

:ity os 

fol low* 

: 1970/1 - 0, 

6 GW; 

1975/6 - 0.9 GW, 

; 1980/1 - 1.1 

GW. 




(b) Since the report was drafted, in addition to 0.6 GW 
of nucleor' installed capacity for 1970/1, another 
0.6 GW hos been approved by Government of Indio. 

(c) Since nuclear energy is already competitive in 
certain regions of the country under the conditions 
set out in this report, the Department of Atomic 
Energy is of the opinion thot there is justification 
for higher targets for nuclear energy in 1975/6 and 
1980/1 as compared with the figures given in the 
table above, and some other members of the 
Committee also share this view. 
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417 In planning future electricity development, 
there are certain rather broad principles of policy 
which have been evolved by the Central Water and 
Power Commission and which our investigations have 
served to confirm. They may be summarised as follows: 

(i) Seasonal storage hydel projects should in 
general be designed as low plant factor peaking 
plants, or should be so designed and constructed 
that they may be later converted to this purpose. 

(ii) Base load requirements should be met, so 
far as possible, by pit-head plants designed to 
burn low grade coals. This is particularly im¬ 
portant in the areas where the washing of coal 
will result in the availability of large amounts of 
low-grade by-product coals. 

418. In the areas that have large demands for 
electricity, but are remote from any coal field there are 
various alternative possibilities: 

(i) The development ofavailable hydel resources. 

(ii) Transmission of the required power by EHV 
lines from the nearest outlying coal field. 


(iii) Transport of coal to the area by closed- 
circuit railway operations. 

(iv) The building of nuclear plants. 

(v) The building of thermal plants to burn oil 
refinery waste products, such as petroleum 
pitch or refinery gas. 

Each individual situation will need to be examined in 
detail to see which of these is likely to provide the 
most economic solution. 

419. In the areas where coal is produced, and 
particularly in the areas where there are coking-coal 
washeries and available by-product coals, it will 
almost always be cheapest to meet base-load require¬ 
ments with coal-burning thermal stations. These are 
likely to have a lower cost of generation than that of 
any of the alternatives open to an area remote from a 
coal field. Thus, industries which are highly energy- 
intensive should in general be located in coal pro¬ 
ducing areas. Industries most suitable for areas re¬ 
mote from coal are those that are labour-intensive 
but not energy-intensive. 
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CHAPTER 14 

Capital Investment In Energy 


and with its full implications. 

422. There are complications also regarding the 
timing of investment. If capital equipment in the ener¬ 
gy sector is to be available to meet the demands of, 
say, 1972/3 it must have been completed before the 
beginning of that year and, since a part of the invest¬ 
ment in the energy sector has a long period of con¬ 
struction the investment must have been taking place 
progressively during the previous four or five years. 
This implies that the level of investment in, say, 
1970/1 is related to the needs of 1972/3 and so on. 
This would not be of great importance to the cost of 
investment in each Plan Period if the demand for 
energy were not rising rather rapidly. But, because of 
the rapid rise of energy demand and this period of lag 
between the inputs of the expenditures on construction 
of capital and the final output of available energy, it 
is necessary to make a quite significant addition to 
figures of investment derived, as ours have been, from 
levels of demand at particular dates and unit costs of 
investment. Over the whole field of energy an addition 
of about 9% - we estimate — is needed to adjust fig¬ 
ures of completed investment calculated on the growth 
of consumption and unit costs to cover the additional 
inputs of investment required to meet part of the needs 
of the next Plan Period ahead. 


420. We have attempted to estimate the capital 
required to cover the expansion of the energy-supply¬ 
ing industries during the period 1965/6 to 1980/1. 
We cannot hope to do this with complete accuracy . 
We have adopted the method used in the similar study 
made by the Energy Advisory Commission of the 
O.E.E.C, in 1959: we have estimated the probable 
average unit cost of investment in each form of energy 
at the prices of 1963/4 and have calculated from that 
and our estimated demands for energy the probable 
investment cost in each Plan Period. We have con¬ 
cerned ourselves with gross investment, including that 
needed to replace exhausted or worn-out capacity and 
partly or wholly financed from depreciation funds. We 
have presented our estimates only in terms of Case III 
(10% industrial growth). The calculations can readily 
be extended to cover any of the other cases. 

421. We have confined our estimates to the re¬ 
quirements of capital investment in the energy sector 
itself. It is difficult or impossible to pursue the full 
implications of this investment into all the ramifica¬ 
tions of its possible further consequences for invest¬ 
ment in the expansion of the iron and steel industries, 
the expansion of the industries providing the energy 
sector with its capital and so forth. But these further 
implications need to be borne in mind. In particular it 
needs to be borne in mind that investments in some 
forms in the energy sector — and included in our esti¬ 
mates in tranemission lines or in nuclear power 
stations at sites removed from coal-fields, for in¬ 
stance — may save investment in the improvements of 
railway communications and in expansions of the iron 
and steel industry and in locomotive building which 
would have been necessary for the alternative solution 
of the same problem and which have not been included 
in our figures. It cannot be inferred without further 
examination that an investment which is more capital¬ 
using,as compared with alternatives within the energy 
sector itself, is necessarily more capital-using in total 
from the point of view of the national economy when 
all these further repercussions have been taken into 
account. Each case must be considered individually 


I COAL 

423. The investment required in the coal industry 
is principally of two kinds: that needed to raise the 
coal and that needed, in the form of washeries, to pre¬ 
pare the coal for sale to consumers who require washed 
coal. The major part of the investment is needed to 
provide for the expansion of output. A minor part of 
the total is needed for replacement of pre-1960/1 
equipment when it wears out. We understand that the 
average life of mining capital of all kinds, including 
both very long-lived investment in shafts and short¬ 
lived mining equipment may be taken to be 15 years. 

424. The unit costs of coal-mining capacity are 
best estimated at the following figures: 


TABLE 155 

ESTIMATE OF CAPITAL INVESTMENT 
PER TONNE IN COAL MINING 


Expansion of 
Existing Min* 

N*w Min* 


at prices of 1963/4) 


Shallow 
underground 


Deep 

underground 
Rs. per tonne 


32 46 69 

40 58 92 
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425. We have estimated the extent to which it is 
likely that in different periods additional coal will 
have to be produced in the various coal-fields by dif¬ 


ferent methods of coal raising. On the basis of this 
examination we have assumed the following pattern 
of development during the next twenty years. 


TABLE 156 

ESTIMATED METHODS OF MINING COAL 
1960/1 TO 1960/1 



1960/1 

1965/6 

1970/1 

1975/6 

1980/1 


% 

% 

% 

% 

% 

Open Colt 

21 

22 

24.5 

27 

28 

Shollow 

Underground 

74 

73 

66.5 

61 

58 

Deep 

Underground 

5 

5 

9 

12 

13 


426. Within these three methods of mining, we 
think that expansion in each sector may for purposes 


of our estimates reasonably be assumed to take the 
following forms at different dates. 


TABLE 157 

ASSUMED METHODS OF MEETING COAL DEMANDS 


OPEN CAST 


1965/6 

% 


1970/1 

% 


1975/6 

% 


1980/1 

% 


From workings 
olreody developed 

65 

61 

56 

65 

From expansion of 
existing workings 

1 1 

11 

14 

11 

From new workings 

24 

28 

30 

24 


100 

100 

100 

100 

SHALLOW UNDERGROUND 

From workings 
already developed 

70 

75 

69 

71 

From expansion of 
existing workings 

22 

10 

14 

12 

From new workings 

8 

15 

17 

17 


100 

100 

100 

100 

DEEP UNDERGROUND 

From workings 
olreody developed 

60 

39 

49 

58 

From expansion of 
existing workings 

35 

15 

9 

8 

From new workings 

5 

46 

42 

34 


100 

100 

100 

100 
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427. On these assumptions, which seem to us to 
be probable, the total gross investment in coal mining 
that we estimate is set out in Table 158 below: 


TABLE 158 

ESTIMATED GROSS INVESTMENT 
IN COAL MINING (a) 


Rs. crores at price* of 1963/4 



1965/6 - 

1970/1 - 

1975/6- 


1970/1 

1975/6 

1980/1 

Investment Required 
to cover Expansion 




Mining 

270 

390 

440 

Washer ie$ 

38 

91 

95 

Investment Required 
to replace exhausted 
Mines or Worn-out 
Equipment in Mine* 
and Washeries 

211 

296 

382 

Total 

520 

777 

916 


(a) These figures do not include preparatory 
action for the following Plan Period 
likely to be taken in each preceding Plan 
Period. 


(ii) OIL 

128. The capital costs of oil production and 
distribution are made up of four principal elements: 
the apital costs of exploration and production; the 


capital costs of refinery capccity; the fixed capital 
required for marketing and distribution; the capital 
cost of pipe lines. 

429. We have taken the unit capital costs per 
tonne of oil to be as follows; 


TABLE 159 

ESTIMATES OF CAPITAL COST 
PER TONNE OF OIL 




Rs. 

Exploration and Production 

300 

Refining 


80 

Marketing 

and Distribution 

70 

Total (exc 

luding pipelines) 

450 


430. The probable capital cost of pipelines has 
been separately estimated, since it is not directly re¬ 
lated to the tonnage of oil to be produced, refined and 
marketed. We have assumed that the average life of 
equipment is 15 years and have calculated the element 
of gross investment required for replacement on that 
basis. 

431. On these assumptions, the total gross in¬ 
vestment in oil production that we calculate to meet 


the demands estimated in Case III (10% industrial 
growth) is as follows; we do not include the working 
capital in stocks of oil and products, which will re¬ 
quire to be raised from about Rs. 20 crores to about 
Rs. 153 crores between 1960/1 and 1980/1, and we do 
not include any part of the capital required outside 
India to provide for oil to be imported from abroad into 
India. (See Table 160). 
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TABLE 160 

ESTIMATED GROSS INVESTMENT 
IN PRODUCTION AND DISTRIBUTION OF OIL (o) 

R». crore* at price* of 1963/4 


Explorotfon and 

Production 

1965/6 to 
1970/1 

1970/1 to 
1975/6 

1975/6 to 
1980/1 

for expansion 

154 

140 

80 

for replacement 

11 

14 

56 

Rftfining 




for expansion 

82 

127 

199 

for replacement 

29 

51 

101 

Marketing and Distribution 





72 

111 

174 

for replacement 

35 

56 

99 

Pipeline* 

25 

25 

25 

Grand Total of 

Investment in Oil 

408 

524 

734 


(a) That* figures do not ineluda preparatory action 
for tha following Plan Poriod lilcoly to bo takon 


in each procoding Plan Poriod 


thermal and nuclear plants. Including the estimated 
interest charges during the period of construction and 
the preference tax assumed to be imposed on imported 
equipment, the unit coats per kW of capacity are as 
follows: 

TABLE 161 

COST OF ELECTRICITY GENERATING PLANT 
PER kW OF CAPACITY 
R». at prleoi of 1963/4 


(iii) ELECTRICITY 

432. The unit costs of capital investment in elec¬ 
tricity generation which we have assumed are those 
which we calculated in an earlier chapter for purposes 
of the comparison of the costs of generation in hydel. 


Typical Typical 

Storage Storage Thermal Nuclear 

Hydel for Hydel for Plont Plant 

60% Plant 15% Plant 


Factor Foctor 


Including Assumed 

33% Tax 

Period 1965/6 to 

1970/1 

1375 

789 

1343 

2222 

Period 1970/1 to 

1980/1 

1354 

773 

1102 

1904 

Excluding Assumed 

33% Tax 

Period 1965/6 to 

1970/1 

1290 

717 

1121 

1905 

Period 1970/1 to 

1980/1 

1290 

717 

1003 

1778 


150 




433. For purposes of estimating the total gross pattern of electricity development set out in Annex 2. 

investment requiring to be financed from a national The estimates for transmission and distribution as- 

point i f view, we think that the element of tax which, sume that India’s needs in this field can only be met 

if impose,!, would be transferred from one element of during the period of Plan IV by investment equal to 

the Government of India to another, may properly be that in generation; for the period of Plan V invest- 

exclud !(1 from the calculation. Thus, the subsequent ment in transmission and distribution equal to 90% 

estimmes are made exclusive of tax. 1 he estimates of that in generation is assumed; for Plan VI, 80% of 

here presented are, again, those that apply to our that in generation. 

Case ill (10% industrial growth). 435. On these assumptions our estimates are as 

434. The estimates for investment in generation follows: 

have b en made directly, on the basis of the proposed 


TABLE 162 

ESTIMATED GROSS INVESTMENT 
IN ELECTRICITY (a) 

Rs. erores ot prices of 1963/4 



1965/6 to 

1970/1 to 

1975/6 to 


1970/1 

1975/6 

1980/1 

PRODUCTION FACILITIES 




1. Thermal 

367 

438 

843 

2. Hydel (normal) 

511 

390 

310 

3. Hydel (15% plant factor) 

104 

262 

602 

4. Nuclear (b) 

105 

236 

498 

TOTAL PRODUCTION 

1087 

1326 

2253 

TRANSMISSION AND DISTRIBUTION 

1083 

1194 

1797 

GRAND TOTAL (c) 

2170 

2520 

4050 

(a) Including auto-producers. 





(b) These figures do not include investment required for prepara¬ 
tion of nuclear fuels; the actual costs of investment may dif¬ 
fer somewhat from these estimates because of the terms on 
which contracts are made and loans ore received in-practice 
in individual cases. 

(c) These figures do not include work in progress on stations ond 
transmission facilities which will not be completed before the 
end of the last year of each Plan Period. This is added in 
Table 163. 


(iv) TOTAL CAPITAL INVESTMENT 437. Over the fifteen years 1965/6 to 1980/1 we 

estimate that a total of some Rs. 13,800 erores (about 
U.S. S 29 billions) of investment will be required by 
43< . The total capital investment that we esti- the energy sector to provide for the demands estimated 

mate foi the energy sector in order to meet the demands on the basis of 10% per year industrial growth, 

that we have calculated on the basis of Case III (10% This would imply the following average annual rates 

per year industrial growth) is summarised in Table 163. of investment during the various Plan Periods: (See 

Table 164). 
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TABLE 163 

ESTIMATE OF TOTAL GROSS INVESTMENT 
IN ENERGY REQUIRED TO PROVIDE 
FOR 10 PER CENT ANNUAL GROWTH OF' 
INDUSTRIAL PRODUCTION 

Rs. crores at prices of 1963/4 
1965/6 to 1970/1 to 1975/6 to 



1970/1 

1975/6 

1980/1 

Co a 1 

520 

777 

916 

Oil 

408 

524 

734 

Electricity 

2170 

2520 

4050 

Addition for 

Work in Progress 

177 

465 

499 

Total 

3275 

4286 

6199 


TABLE 164 

REQUIRED AVERAGE ANNUAL RATES OF INVESTMENT 
IN ENERGY (a) 

Rs. crores at prices of 1963/4 



1965/6 to 

1970/1 to 

1975/6 to 


1970/1 

1975/6 

1980/1 

Average Annual Rate 
during Plan Period 

655 

857 

1240 

Approximate Rate of 

Last Year of Plan 

755 

1050 

1440 


(a) Estimates hove been founded 


438. It is not for us to pronounce on the question 
whether- such a scale of investment lies within the 
probable capacity of India. On the assumptions that 
we have used for 10% per year industrial growth and 
7% per year growth of national income, the trends of 
national income would be as shown in Table 165. We 
have added estimates of what might be the volume of 


total gross investment of all kinds on what may be 
reasonable assumptions of the latter to national in¬ 
come at various dates. We set against these estimates 
our own calculations of investment in energy and show 
the implied relation of the investment in energy to the 
total. 


TABLE 165 

RELATION OF ESTIMATED GROSS INVESTMENT IN ENERGY 
TO ESTIMATES OF NATIONAL INCOME AND 
TOTAL GROSS INVESTMENT 

Rs. crores at 1963/4 pricos 


Estimated 

1960/1 

1970/1 

1975/6 

1980/1 

National Income 

14,700 

27,600 

38,600 

54,000 

Estimated Total of 

Gross Investment (a) 

1,750 

5,900 

8,600 

12,700 

Estimated Grass 

Investment in Energy 

Ratio of Investment 
in Energy to 


755 

1,050 

1,440 

All Investment (%) 


12.8 

12.2 

11.3 


(a) The following ratios of gross investment to 
net national income have been assumed: 

1960/1, 1295; 1970/1, 21.4%; 1975/6, 22.3%; 
1980/1, 23.5%. 
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439. These estimates for later years are very 
near indeed to similar estimates made by some of 
us in the similar inquiry in Europe.(b) For Europe the 
estimates ranged from 12.2% to 12.6%, according as 
one did or did not assume large investment in rapid 
nuclear development. 


440. It is important to be able to estimate the 
proportion of this capital investment which is likely 
to take the form of imported equipment, requiring to be 
financed id foreign exchange. Our estimates of this, 
again on the basis of Case III, are shown in Table 166. 


TABLE 166 

ESTIMATED IMPORT COMPONENT 
OF GROSS CAPITAL INVESTMENT IN ENERGY (o) 



Rs. croret at prices 

of 1963/4 


196S/6 to 

1970/1 to 

1975/6 to 


1970/1 

1975/6 

1980/1 

Coal 

208 

262 

229 

Oil 

184 

157 

183 

E lectricity 

360 

260 

465 

Work in Progress 

43 

83 

76 

Total 

795 

762 

953 

Annual Average 
of Periods 

159 

152 

191 

Annual Average 
of Periods 
(U.S. $ million) 

335 

320 

400 

(a) excluding 

assumed surcharge 

on import- 



ed components. 


441. If one adds to the estimated import com- of metallurgical coke, the total of the import require 

ponent of capital investment, the expenditure on im- ments of the energy field would be as follows (again 

ported oil that we have estimated in an earlier on the basis of Case III): 

chapter, but makes no allowance for possible imports 


TABLE 167 

ESTIMATED IMPORT REQUIREMENTS OF THE ENERGY SECTOR 
AVERAGE ANNUAL RATES OF DIFFERENT PERIODS 



Rs, crores 

at 1963/4 

prices 

Annual Average of 

1965/6 to 
1970/1 

1970/1 to 
1975/6 

1975/6 to 
1980/1 

Capital Equipment 

159 

152 

191 

Import of Crude Oil 
and Products 

100 

156 

290 

Total 

259 

308 

481 

Total (U.S. $ million) 

545 

645 

1010 


(b) Towords o New Energy Pattern in Europe: 
Chapter VIII, pp. 67-72. (OEEC - 1960) 
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CHAPTER 15 
The Pricing of Energy 


442. There have been, within the past year or 
two, excellent and detailed reports on the pricing of 
oil(l), of coal(2) and of electricity(3). We do not think 
that our most valuable contribution can be made by 
traversing again and in detail the fields that they 
have very adequately covered. The major problems of 
energy pricing are not; we believe, problems of de¬ 
tailed application of prices, but of the broad strategy 
of the use of prices in the energy field. 

443. In the course of this survey we have found 
ourselves increasingly concerned with the probability 
of the emergence of short-term surpluses of certain 
types of energy — particularly coal — in a situation 
in which the major problem is to achieve a sufficient 
long-term expansion. Put differentjy, this means that 
there is an emerging situation in which the relative 
incentives to use different forms of energy are not 
such that the market is cleared. We have been con¬ 
cerned also about the extent to which the energy 
industries are likely to command the resources to 
which the choice between different forms of energy is 
consistent with the national interest of India. All 
these issues are ultimately issues of pricing and of 
the success or failure of present pricing policies in 
working out a satisfactory energy system. 

444. May we begin, therefore, by considering 
what are the broad functions of a satisfactorily oper¬ 
ating system of prices in the field of energy. They 
include principally the following functions: 

A. From the point of view of the Producer 

(i) They give the producer of energy the incen¬ 
tive to produce that form of energy — coal, 
oil, electricity or whatever it may be — in 
the necessary volume. 

(ii) They give indication to the manager of the 
individual undertaking as to the volume of 
output he should attempt to extract from 
the undertaking. 

(iii) They assure to the efficient undertaking the 
prospects of regular production which can 
make possible the minimisation of costs. 

(iv) They put pressure on the manager to mini¬ 
mise these costs and operate with maximum 
efficiency. 


(1) The (Damle) Report of the Oil Price Enquiry 
Committee, 1961. 

(2) Price Policy for Coal Undertakings - Report of 
the Planning Unit of the Indian Statistical Insti¬ 
tute, New Delhi, February, 1963. 

(3) The Pricing of Electricity - Report of the Planning 
Unit of the Indian Statistical Institute, New Delhi, 
June, 1962. 


(v) They indicate which undertakings should 
continue to operate; which should be ex¬ 
panded; which should be closed down. 

(vi) They encourage the production of higher 
qualities or grades (of coal for example) 
and discourage production of lower qualities. 

(vii) They encourage the production of energy in 
those regions where energy is most needed 
and discourage it in locations that are less 
economic. 

(viii) They discourage wasteful production of 
energy and the exhaustion of nationally 
valuable resources. 

(ix) They provide to efficient undertakings both 
in the public and the private sector profits 
which can be used for the further develop¬ 
ment of the industry and for a longer-term 
policy of exploration, technical research 
and training. 

B. From the point of view of the Consumer 

(x) They encourage him to use the type of ener¬ 
gy that best suits his particular needs, 
having regard to the real cost of supplying 
the energy. 

(xi) They encourage the consumption of those 
types of energy which are in surplus supply 
and discourage the consumption of those 
types of energy that are in short supply. 

(xii) They encourage the consumer to draw his 
energy from the source that is nearest to 
him or from which he can most economically 
be supplied and discourage the use of 
sources involving heavy costs of transport, 
except so far as a cheaper source of energy 
makes it economic. 

(xiii) They encourage a consumer to increase his 
consumption in all circumstances in which 
the additional value to him of additional 
consumption exceeds the additional cost of 
providing that additional energy; they dis¬ 
courage him from demanding additional 
energy in all circumstances in which the 
additional real cost of providing it exceeds 
the additional value of it to him. 

(xiv) They assure to the consumer a sufficient 
supply of energy of the required quality at 
the minimum cost at which it can be made 
available. 

C. From a National Point of View 

(xv) They should be such that successful efforts 
are sufficiently rewarded, without yielding 
to any group of the community earnings or 
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profits on a scale or of a kind that are re¬ 
pugnant to national policies. 

445. It need hardly be said that it scarcely ever 
happens in practice that a price system works with 
perfection simultaneously in all these respects. Many 
of the actual problems created by the unsatisfactory 
operation ofprices in India in the field of energy would 
appear to arise because the pricing policies seem to 
have been concerned, possibly to an excessive extent, 
with one individual function of a satisfactory pricing 
system and, in making prices more effective from that 
individual point of view, have made them markedly 
less satisfactory and effective from other points of 
view. 

446. We think that this can best be seen by con¬ 
sidering successively some of the pricing prohlcms of 
the different sectors of the energy system. 

I. PRICING POLICY FOR COAL 

447. Pricing policy for coal in India has, we 
believe, been principally, though not of course exclu¬ 
sively, concerned with the last of the functions we 
set out above: the prevention of the emergenc e of 
abnormal profits to private sector coal-owners in a 
situation in which coal was relatively scarce and 
prices, in the absence of regulation, might have been 
so high as to cause serious ill-feeling and political 
unrest. Those were real problems with which the. 
Government of India had clearly to concern itself. 

448. The admirable work of the Coal Price Revi¬ 
sion Committee was aimed to secure for producers, 
particularly in the Private Sector, adequate but not 
excessive profits, and to secure to the consumer 
reasonable prices. These were, and are extremely 
important objectives. But they were not objectives that 
it is really possible to achieve exclusively by means 
of price regulation consistently with the other equally 
important objectives of giving the right relative prices 
to different grades of coal and the right incentives to 
expand production, where it is in the national interest 
that it should be expanded. 

449. The Coal Price Revision Committee has 
worked out, with great care, the best means of cal¬ 
culating a fair return to an undertaking operated with 
normal efficiency, by analysing the costs of what 
might be regarded os representative undertakings in 
different situations. But the concept of fair return to 
the representative undertaking, which was first con¬ 
ceived in terms of undertakings in manufacturing 
industry where differences of costs due to differences 
of resources and conditions are small, is applicable 
only with substantial qualifications to the problems 
of coal mining. 

450. A central problem in the economics of mining, 
as of agriculture, is that of differences of the quality 
of resources. In the case of mining this takes the 
two-fold form of differences of the difficulty of extract¬ 
ing the mineral and differences of the quality and 


saleability of the mineral when extracted. In the 
classical liberal economics, royalties in mining played 
the same role as rent in agriculture, in that they were 
assumed to absorb, as a form of income to the owners 
of the minerals, the surplus earned by operating in 
more favourable conditions. 

451. There is some danger that repugnance to 
mining royalties as a form of private income had led 
to a misunderstanding of its significance and function 
as a form of equalisation between operators in different 
conditions. 

452. The problems of coal pricing in India have 
largely arisen because of hesitation to permit coal 
prices to rise to the point where, consistently with 
classical theory, they would cover the normal costs of 
raising coal in the most unfavourable circumstances 
and of the lowest quality required to meet current 
demand fully. And because of hesitation to permit 
prices to rise to this level, there seem to have been 
inadequate incentives to expand private sector min¬ 
ing or to expand output within the already existing 
mine to the extent that is desirable. 

453. Wc believe that a satisfactory structure of 
coal prices requires bigger differentials thnn now exist 
between the prices to be paid for the best coal and for 
the lower grades. If lower grades of coal are, never¬ 
theless, to be mined profitably, that involves higher 
initial profits to the mines producing higher grade 
coal. If, as we think probable, the Government of India 
holds that such profits, based on the ownership of or 
the right to mine certain coals, do not represent a 
form of increased income that should remain in private 
bands, the situation is very much belter rectified by 
the imposition of a special levy, corresponding to the 
royalty payment of a system of private-ownership of 
minerals, than by artificial limitation of coal prices. 
We would see no reason why public sector undertakings 
should not be exp.eclcd to pay similar levy-royalties 
if they produce high-grade coals, and price their coals 
on the basis of that addition to cost. Any levy-royalties 
would need to be assessed in terms of the current 
levels of demand and marginal costs and in terms of 
the current prices. The proceeds of the levy might 
with great advantage to the industry be paid into a 
central fund to assist in financing the development of 
the industry. 

454. Thus far we have been concerned with the 
prices of the different grades of coal in circumstances 
in which a mine produces coal predominantly of one 
single grade. There is the second problem also of the 
pricing of washed and by-product coals from coking- 
coal washeries, and of the main grade of coal and the 
slack and small coal that will be produced by a non¬ 
coking coal mine. Again we believe that the right 
policy is likely to be one in which the scarcity of the 
washed coking-coals or the best non-coking coals arc 
fully reflected in their prices. Coking coals are rela¬ 
tively scarce in India and there should be a strong 
disincentive to use them wastefuily. We think that 


156 



coking coal prices should be permitted to rise to 
appreciably higher prices than non-coking. The by¬ 
product coals and the slack coals should be priced, 
in our view, low enough to ensure them a market. As 
we have argued in an earlier chapter, there are added 
costs of using these high-ash content coals. The 
price should be low enough to yield a strong incentive 
to a power-station manager or the manager of an indus¬ 
trial enterprise to install the more expensive equipment 
necessary to use them. 

4T>r>. If all the by-product and waste coals are to 
be disposed of, it will be necessary for some years 
ahead to find markets for them at a considerable dis¬ 
tance — probably up to as much as 1000 km — from the 
coal-fields'. Thus, thought needs to be given to the 
effective relative prices not only at the coal field, but 
also at a distance from it. In the summer of 1963, the 
relative prices were such that coking coal middlings 
had a delivered cost per kilocalorie about 9% less at 
pithead than Selected B run-of-the-mine non-coking 
coal. At 400 km from pithead they cost 4% more; at 
1000 km they cost some 8% more. It is doubtful whether 
the incentive at pithead was sufficient to secure sub¬ 
stitution of the middlings with their higher ash-content 
and special problems of handling. At anything above 
100 km distance there was a positive disincentive to 
use them. Table 168 shows the relative costs per 
kilocalorie when transport cost to various distances 
is added. 

TABLE 168 

RELATIVE DELIVERED PRICES OF DIFFERENT COALS 
AT DIFFERENT DISTANCES FROM PITHEAD OR 
WASHERY PER KILOCALORIE 


Distances from 

1963 

Selected B 

Coking Coal 

Pithead or 

Run-of-the-Mlne 

Mlddllngs(2) 

Washery 

Non-Coking 


km 

Coal(l) 


0 

100 

91 

100 

100 

99 

200 

100 

101 

300 

100 

103 

400 

100 

104 

500 

100 

105 

1000 

100 

108 

2000 

100 

111 


(1) 6590 keal/kg 

(2) 5310 keal/kg 



456. It can be seen that, if one assumes that the 
effective incentive to substitute middlings or by¬ 
products coal is a differential of not less than 10%, to 
cover the extra costs of handling and equipment, the 
differential was nowhere sufficient. But it would have 
needed a large reduction to give a 10% differential at 
1000 km. In the future it is likely to be necessary to 
open the fan of prices much wider, trusting, we hope, 
to the equivalent of a royalties tax to restore the 
equitable distribution of income. 


457. If within the public sector this implies low 
cost mines possibly making handsome profits, and high 
cost mines making losses, it needs to be asked whether 
the profits should be used to cover the losses and to 
enable the high cost mines to be kept in operation at 
coal prices which cover the average cost of all public 
sector mines but not the costs of the marginal mines 
or coalfields. 

458. In the United Kingdom, since nationalisation 
a practice of offsetting losses by profits has been 
followed. Substantial losses in, for example, the 
Scottish and South Wales coal-fields, have been partly 
or wholly covered by profits in the more modern coal¬ 
fields of Yorkshire and Nottinghamshire. In France a 
rather similar practice has been followed. The reasons 
in both countries have been social and political rather 
than economic. There have been grave social and 
political problems of closing down large numbers of 
pitB in coal-fields with a long history and a large 
population and transferring them elsewhere. But we do 
not think that in India, where coal production is rapid¬ 
ly increasing, the arguments for using profits to cover 
losses consequent on low prices are valid. In general 
it is desirable that energy consumers should pay 
prices such that the marginal value to the consumer is 
at least equivalent to the marginal cost of producing 
the energy. With a system of balancing low cost profits 
against high cost losses that ceases to be true. It 
becomes much more difficult to know whether high 
cost production is within limits that should be ac¬ 
cepted, or beyond limits which justify closing down. 

459. If pricing is in general such that fully effi¬ 
cient producers working marginal resources are enabled 
to cover their coBts, the favourably placed public 
sector mines should make good profits. Wc would 
prefer to see the greater part of those profits used to 
assist the capital development of the industry, rather 
than dissipated in covering losses. 

460. The policy we suggest involves a system of 
coal prices such that all except the inefficient mar¬ 
ginal producers can cover their costs and have, where 
appropriate, an incentive to expand output and normal 
profits which can contribute to their expansion. We 
believe that from a longer term point of view an effi¬ 
cient group of energy industries, expanding production 
and fully meeting demands, is more in the national in¬ 
terest than an impoverished industry, short of funds 
for development and engaged in “slaughter mining”. 
The best safeguard against excessive prices caused by 
scarcity is a vigorous expanding industry, keeping up 
with the growth of demand. We Ho not think that there 
is a strong case for subsidising marginal production 
and marginal consumption. In India, the greatest part 
of coal consumption is industrial. In very few indus¬ 
tries does energy consumption represent more than 
2-3% of costs; plentiful and reliable energy supplies 
are more important than subsidised supplies, which in 
many cases will serve no greater purpose than enlarg¬ 
ing industrial profits. 
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461. But while coal prices should, so far as is 
proper take account of these needs, it remains impor¬ 
tant that an over-generous pricing policy, unaccom¬ 
panied hy a sufficient royalty-levy, shall not make 
profits too easily earned and remove reasonable 
pressure to achieve efficiency. 

II. PRICING OF OIL. 

462. In view of the very thorough and searching 
enquiry by the Damle Committee into the pricing of oil 
we have not thought it necessary to devote to this sub¬ 
ject as much attention, in the limited time at our 
disposal, as we have to the pricing of coal and elec¬ 
tricity. We confine our comments to some of the general 
issues involved. 

464. The investigation by the Damle Committee 
was primarily concerned with the major issue whether 
prices paid for imports of crude oil and passed on to 
consumers in terms of prices of oil produc ts were 
excessive. It was inevitably much less involved with 
the issue in which we are greatly concerned: whether 
relative prices of different types of energy are such 
that the best interests of Indian development will be 
served. 

464. We emphasise again the extent to which 
our inquiries have shown a trend towards increased 
use of oil. Technically that is in accordance with the 
trends of almost all advanced and advancing countries. 
But we have drawn attention to the burdens that this 
will impose on India’s probably limited capacities to 
make payments abroad. It may well turn out that, when 
the problem is fully examined by the Planning Com¬ 
mission, they will feel driven to the view that some 
brake should be imposed on this trend by enhanced 
rates of taxation. 

465. If they do take that view, it will be impor¬ 
tant that the tax rates shall be so framed that they do 
not further complicate the already difficult problem 
of the imbalance between the practicable pattern of 
refinery output from the most readily available crude 
oils and the pattern of Indian consumption. It has 
already been pointed out that India is likely to be 
long of gasoline and short of the middle distillates. 
Uniformly higher taxation inevitably puts greater 
emphasis on fuel economy and leads to greater con¬ 
sumption of diesel fuels and of kerosene and‘lower 
consumption of gasolene. 

III. PRICING OF ELECTRICITY 

466. The study of Price Policy for Electricity 
Undertakings examined the general problems involved 
in fixing tariffs for electricity at levels which would 
ensure that the undertakings not only covered their 
costs but also earned a rate of return appropriate to a 
low-risk industry in Indian conditions. 

467. The average rate of return to all electricity 
undertakings in 1958/9 was 3.3%. This was made up 


of an average return of 6.7% to the mature and some¬ 
what more slowly expanding private companies in the 
big cities where electricity supply was first intro¬ 
duced, and an average return of 2.6% in the rapidly 
expanding public sector undertakings. That rate of 
average return has been generally held to be inade¬ 
quate to Indian conditions. The gross return to capital 
in Indian industry, admittedly with a higher potential 
risk, has been variously measured according to the 
definition used at 10-15%. The rates of earnings made 
and expected are believed in many cases to be sub¬ 
stantially higher than that in practice. 

468. A majority of the Committee holds the view 
that for a relatively risk free public utility in India 
the rate of return should be not less than 10% and are 
glad to know that State Boards are being encouraged 
to aim at that rate of return on their investments 
when fixing their rates. This will, we hope, enable 
them to put to reserve for further expansion enough 
of their current earnings to finance a substantial 
part of that expansion. It would, we think, be a good 
rule in Indian conditions that 35% - 40% at least of 
the following year’s construction requirements should 
be met in this way from depreciation funds and re¬ 
tained earnings. 

469. It is necessary to ask what this may imply 
for electricity charges. The report on Price Policy 
for Electricity Undertakings estimated that, if the 
average price of electricity was to equal the average 
cost including a 10% return on capital, including the 
necessary interest charges during the construction 
period, an average price of 11.56 nP per kWh was 
necessary. They recommended that this should be 
distributed between various users by taking into ac¬ 
count the specific costs of providing service to these 
users. The average prices that they recommended 
were as follows: 

TABLE 169 

AVERAGE PRICES FOR PROVIDING ELECTRICITY 
TO VARIOUS CONSUMER GROUPS RECOMMENDED IN 
"PRICE POLICY FOR ELECTRICITY UNDERTAKINGS” 



nP/kWh 

Industrial Power 

7.5 

Small Industrial Power 

11.2 

Domestic Light and Power 

32.1 

Commercial, Irrigation and 

Public Lighting. 

20.1 

Average for all Groups 

11.56 


470. The recommended average price of 11.56 nP 
would have represented an average increase of about 
32% in electricity tariffs over the average of 8.75 
nP/kWh to final consumers prevailing in 1959/60. A 
very careful study has been made on behalf of the 
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present Committee of the implications for electricity 
costs and prices of the expansions that we have in 
mind. While we think that the earlier study was right 
in its general principles and in the policies it recom¬ 
mended. we think that it took too little account of the 
very ( onsiderable cost reductions which we envisage 
as the result of higher thermal efficiencies, larger 
plants and fuller use of transmission and distribution 
systems. I'he calculations made for us suggest that, 
consisten! !v with earning a 10% return, it should be 
possible io generate electricity and provide all the 
services of distribution at an average cost of 10.8 
nP/kWh. This would imply an increase above 1959/60 
prices of about 23% 

471. While we believe that it is important that 
the industry shall make profits sufficient to enable 
it to finance part of its expansion, it is equally im¬ 
portant that higher tariffs shall not create an at¬ 
mosphere of relaxation and lack of effort to push up 
efficiency in every way. There are other ways than 
price-pressure of achieving this. In mafty countries 
the most detailed annual publication of the operating 
results of individual stations creates a strong in¬ 
centive throughout the whole working staff to achieve 
the le st insults and becomes in effect an argument 
for pi vsounl promotion. We think that India should 
annuaily publish in detail such operating statistics 
as an incentive as well as a valuable basis for plan¬ 
ning and price-making. 

172. if we turn to wider problems of tariff policy, 
we would emphasise again the importance of regard¬ 
ing tariffs not only as means of payment for services 
but a so as incentives to use energy economically. 
If, e> wo hope, electricity becomes less scarce over 
the i anting years, there will clearly be a danger that 
customers will feel less pressure to take their energy 
at times ol day and night that permit maximum economy 
of plant and minimum cost. In many countries, it has 
become a central feature of tariff policy to devise in¬ 
centives to minimise peaks and maximise off-peak 
consumption. 


473. While a majority of consumers in India will 
almost certainly have to be charged on kilowatthour 
rates, for consumers above, say 50 kW, very serious 
.consideration should be given to tariffs which reflect 
both the fixed costs involved in the service and the 
marginal costs of providing marginal, consumption. 
Since the fixed costs are closely related to the high¬ 
est rate of consumption, there is very much to be 
said for maximum demand tariffs. These are more 
readily calculable than individual consumers’ load 
factors, as suggested by the Study of Electricity 
Pricing, which are likely to vary from year to year. 
There is the added advantage that it is possible to 
take account (as it is theoretically desirable to do) 
of the time of day at which maximum demand arises, 
and vary the fixed charge accordingly, and even to 
disregard maximum demand where it occurs at a period 
that is off-peak for both generation and distribution. 

IV. GENERAL CONCLUSIONS RELATING TO PRICING 

474. May we sum up the discussion of this 
chapter by reverting to the general issues with which 
we started? We think it is most important in all price¬ 
fixing to have in mind the whole range of functions 
that prices perform in the energy field and not to al¬ 
low a great, concern with one aspect to lead to the 
fixing of prices which are likely to be unsatisfactory 
from other, and possibly more important, points of 
view. 

475. While there are many ways in which a 
socialist state can remedy the potential consequences 
of mal-distribution of income, it is very much more 
difficult to regulate the actions of 450 million con¬ 
sumers if they are obeying the promptings of mis¬ 
leading prices, which do not reflect the true econo¬ 
mies of providing energy of different sorts. We are 
convinced that in pricing energy products, a very 
strong emphasis should always be put on securing 
the right incentive to consumers as well as producers. 


159 





CHAPTER 16 

Summary and Conclusions 


I GENERAL 

476. In this final chapter we bri ng together the 
principal conclusions and recommendations of our 
Survey We begin with general considerations and then 
go on to present our principal conclusions regarding 
each of the main sectors of demand and sources 
of energy. 

477. The total energy resources of India (See 
paras 2-6, 253-66, 281-91 and 317-28) are adequate 
but not abundant for the present stage of Indian 
economic development. Much of the coal is made 
difficult to use by its high ash content. The indigen¬ 
ous oil supplies are not sufficient to meet more than 
a relatively small fraction of India’s prospective re¬ 
quirements and, unless new discoveries are wholly 
different in scale from those ye* known, a large part 
of the demand for oil will have to be met by import. 

478. Much of the coal, and all of the coking 
coal, is moreover situated in the Bihar/West Bengal 
coal field in North East India. While other coal exists 
and is likely to be increasingly developed as time 
goes on, there are large parts of Southern, Western 
and North Western India that are distant from any 
coal supplies (See paras 7-10, 256 and 264-6). 

479. The limitations imposed by the geographi¬ 
cal distribution of the coal fields are in considerable 
degree mitigated by the fact that the hydro resources 
of India are largely in those parts of Southern, 
Western and North Western India which are distant 
from coal resources, (See paras 7-10 and 317-23). 

480. In planni ng the economic development of 
India it will be important to have clearly in mind 
these geographical limitations of the fuel supplies. 
In all advanced countries energy supplies have been 
very powerful factors in determining the location 
and development of industries. The costs, efficiency 
and competitive position of the heavy metallurgical 
industries are particularly sensitive to the delivered 
prices of their materials and fuels, including trans¬ 
port costs. The iron and steel industries have tended 
to grow up either where coal has been available on 
the spot (as in the Ruhr and in most of the traditional 
locations in the United Kingdom), or where coal could 
be very cheaply transported, usually by ship or barge, 
to the source of the iron ore. In India the location of 
all coking coal in the Bihar/West Bengal area will 
impose limitations on the choice of sites where costs 
in the iron and steel industry are generally competi¬ 
tive. If other more distant sites are to be adopted, it 
will be necessary to consider very carefully in ad¬ 
vance the possible methods of economic transport of 


coal or coke to the site concerned. Our investigations 
suggest that for some of these sites imported coke or 
coking coal may possibly be more economic than 
Indian supplies. 

481. But in a broader sense the most economic 
use of India’s natural resources and energy resources 
may require recognition of the advantages of locating 
in fairly close proximity to the coking coalfields 
those industries which are energy intensive and must 
depend on actual direct use of coking coal and on 
the other hand locating in those parts of India which 
are more remote from such coal resources a larger 
share of the industries which are not energy intensive. 
The availability of cheap energy in the Bihar/West 
Bengal area in the form of by-product coals from the 
washeries (see para 485-6 below) may give opportuni¬ 
ties to locate in that region energy-intensive indus¬ 
tries producing cheaply for export markets. 

482. The pattern of the Indian energy economy 
will be dictated by the relative advantages and re¬ 
lative costs of different fuels. The trend of almost 
all of the economically advanced countries is at 
present towards an oil-based energy economy. There 
are evident signs in India of a similar trend; but some 
caution is needed before assuming that this trend 
should be accepted and encouraged in Indian condi¬ 
tions. Oil is an indigenous and very plentiful fuel 
kith in the U.S.A. and in the U.S.S.R. The trend to¬ 
wards oil is moving much more slowly in most of the 
European countries which are more similar to India 
in having little or no indigenous oil and in being 
necessarily concerned with the possible effects on 
the balance of payments of large imports of oil, 

483. In the case of India our first estimates 
suggested a very high future dependence on oil, 
more particularly if one had assumed that some of the 
difficulties of supplies of domestic energy that we 
foresee would be solved by very substantial increase 
of the use of kerosene. But even on the basis of the 
revised estimates that we have presented in this Re¬ 
port, the share of energy imports (including both 
crude oil and products and all the capital equipment 
used in the energy sector) in the total of imports in¬ 
crease from about 19% in 1970/1, to 24% in 1975/6 
and to 38% in 1980/1. These represent a very for¬ 
midable charge on India’s prospective imports and 
we feel serious doubts whether the Government of 
India would be in any position to provide for larger 
oil imports than we have assumed. 

484. We have estimated the demands for energy 
both in total and in all forms. The amount of energy 
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that will be required for Indian development will 
clearly depend on the rate of that development. At 
the time of our Survey the Planning Commission had 
not completed its work on the next Plan Period nor 
had it officially formulated assumptions about more 
distant periods. Wc have therefore thought it best to 
present alternative calculations, based on alternative 
assumed rates of growth. These are presented in de¬ 
tail (see paras 194-212). In view of the high cost of 
investment in energy it will be important to secure 
that, while keeping abreast and actually developing 
heeds, it does not run far ahead of the realities and 
actual development in practice. 

II COAL 

485. While supplies of non-coking coal are (as 
was said above) abundant in quantity, supplies of 
coking coal are not abundant, though probably suf¬ 
ficient to meet needs until the end of this century. 
Economy of coking coal is most important. At pre¬ 
sent, only about 40% of the coking coal that is in the 
ground in the seams that are being worked is re¬ 
covered and brought to the surface; only about 60% 
at most of what is recovered from the mine is de¬ 
livered as 17% ash content washed coal from the 
washeries to the coke-ovens. Thus in total less than 
25% of the potential coking coal is actually available 
to be used for the purposes for which it is essential. 
It is important that improvement of this performance 
should be sought in every way: through economy of 
coke in the blast furnaces; through acceptance of as 
large a fraction of the total as is practicable by the 
coke-ovens from the washeries; but above all through 
recovery from the mine of a substantially larger pro¬ 
portion of all coal that is available in the seams. We 
know that all these problems are being actively ex¬ 
amined by the Department of Mines and Metals and 
that there is hope of a significant increase in the 
recovery rate and of lower ratioB of coke to pig-iron. 
But the matter is so important that we hope even 
greater efforts will be made to achieve economies. 
We recommend that any necessary resources be made 
available to put into practice both the improved min¬ 
ing methods and even greater economy of use of coke 
that is proposed. (See paras (253-62 and 86-91). 

486. Whatever may be done to conserve coking 
coal, it is clear that with the progressive expansion 
of the iron and steel industry there will be increasing 
demands for washed coking coal and increasing sup¬ 
plies of coking coal by-products. Wc have examined 
with care the relative economies of using two-product 
and three-product washery processes. We are con¬ 
vinced that the two-product process will produce by¬ 
product coals which can find an economic market, 
principally for thermal electricity and that this pro¬ 
cess is to be preferred (sec paras 223-9). 

487. We have examined with care (sec paras 
234-5) the economic problems of transporting these 
by-product coals and using them economically. We 


are satisfied that, if suitably priced, a market can be 
found for all the by-product cobIb that are likely to 
be produced. 

488. These coking coal by-products are likely, 
however, to find markets principally in uses which 
are normally met by non-coking coals. Having regard 
to the substantial amounts likely to be available, 
there may be no more than a small additional require¬ 
ment for non-coking coals in the next Plan Period. 
By-product coking coals, if suitably priced and trans¬ 
ported in closed-circuit train loads, can meet the 
requirements for coal for thermal electricity stations 
and other purposes at points as far as and beyond 
most of the outlying coalfields that it had been pro¬ 
posed to develop. We suggest that the wisdom of 
developing in the near future some of these outlying 
coalfields be re-examined. (See paras 243-9). 

489. In addition to the problems created by the 
by-product coking coals there are further problems 
created by the large amounts of slack coal that are 
produced as part of the process of mining the non¬ 
coking coals. More incentive is desirable to encour¬ 
age mining methods which will reduce the proportion 
of slack to a minimum. But a considerable output of 
slack is inevitable. We recommend that this be priced 
at levels that will encourage its consumption in all 
uses for which it is suitable. We recommend also the 
urgent examination by the Central Fuel Research 
Institute of the possibilities of producing from this 
slack a domestic fuel that will relieve the present 
excessive pressure of the demand for firewood, (see 
paras 230-3 and 243-49). 

490. The long-term success and prosperity of 
the coal industry must depend on increasing the ef¬ 
ficiency of coal-mining. The output per head is at 
present very low in many of the older private-sector 
mines. All that is possible should be done to in¬ 
crease their productivity (See paras 241-2). 

491. The demands for coal estimated in this 
Survey are appreciably below other estimates that 
have been made. One important source of difference 
has been the use of existing inputs of energy to cal¬ 
culate requirements in later years. While this is a 
normal and proper procedure, some allowance needs 
to be made for the progressive economies of the use 
of fuel which have greatly affected the trends of de¬ 
mand in more advanced countries. Some of the error 
has been due to use of “ready reckoners” of demand 
for coal in thermal generation of electricity which 
seriously exaggerate the probable requirement (see 
paras 250-2). 

III. OIL 

492. There is a strong trend towards greater 
dependence on oil as a source of energy. It will be 
desirable to explore all possible ways in which 
India’s oil supplies can be increased. Much is al¬ 
ready being done to explore the possibilities of fur¬ 
ther indigenous supplies. But unless discoveries 
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are made on a scale wholly different from any hither¬ 
to, a very large proportion of Indian oil supplies will 
have to be imported (we estimate the proportion in 
1975/6 as about 75%). It is of great importance to 
explore all possible ways, by trade agreements and 
otherwise, of increasing and making more certain 
India’s power to purchase these necessary supplies. 

493. At present relative costs of coal and oil, 
the use of oil is more economic in the highly in¬ 
dustrialised regions of Western and Southern India. 
There is a likelihood that demands may increase in 
those and other regions, even beyond India’s capacity 
to finance imports, and it may at some stage prove 
necessary to take measures which will make the use 
of indigenous fuels more attrretive. 

494. The principal increases of demand for 
energy in the form of oil seem likely to arise in 
transport (where both the growth of road transport 
and the proposed dieselisation policy of the railways 
will substantially increase demand) and in the do¬ 
mestic sector (if the shortage of firewood that we 
foresee leads to increased dependence on kerosene). 
The longer-term repercussions of a dieselisation 
policy on the balance of payments will need to be 
considered in advance. 

495. 1’he pattern of Indian consumption of oil 
products does not accord easily with the potential 
out-turn of Indian refineries from the most easily 
available crude oils. In the past India has been short 
of kerosene. In future India seems likely to be short 
of middle distillates generally as the result of the 
prospective growth of demands for diesel oils. On 
the other hand India is likely, on the present and 
prospective pattern of demand in the absence of 
policy changes, to have surplus supplies of gasoline 
and naphthu at one end and possibly of fuel oil at the 
other end, even when the out-turn of refineries have 
been adjusted so far as possible to meet the chang¬ 
ing pattern of demand. It may not he easy to export 
the surplus gasoline at reasonable prices to neigh¬ 
bouring markets or to acquire considerable additional 
supplies of middle distillates. Thus more considera¬ 
tion needs to'be given to the wisdom of present taxa¬ 
tion policies, which tend to discourage consumption 
of gasoline and encourage consumption of diesel 
oils. (See paras 277-9). 

496. The net effect of a continuation of the 
present taxation is likely to be an increase rather 
than a decrease of the total required net cost of im¬ 
ports of oil and oil products, even when allowance 
is made for the lower consumption per kilometer of 
road transport using diesel oils. It is probably in the 
national interest to encourage gasoline consumption 
in all forms of transport that can reasonably use it 
to take advantage of the cheaper initial cost of in¬ 
ternal-combustion engines designed to use gasoline. 

497. There is also likely, in the absence of 
changes of policy, to be a surplus of naphtha. This 
can probably be absorbed without great difficulty by 


suitable planning of fertiliser and petro-chemicals 
production and possibly by use to economise coke 
in the iron and steel industry. 

498. If there is not to be a surplus of fuel oil, 
it is desirable to encourage its consumption in those 
areas near to refineries and distant from coal fields 
where it is likely to be an economic source of energy 
in industry or the generation of thermal electricity. 
(See paras 277-9). 

IV ELECTRICITY 

499. Policy in the planning of electricity needs 
to be co-ordinated completely into a national and 
regional energy policy. The location of thermal power 
stations should be made with full consideration not 
only of the trends in the development and location 
of demand but also of the availability and location of 
the cheapest sources of primary energy. The large 
volumes of coking coal by-products in the regions of 
the iron and steel industry washeries will exercise 
a very important effect on the desirable locations, 
which are likely to be increasingly supply-oriented 
rather than demand-oriented. 

500. Examination has been made (see paras 
234-5) of the relative costs of using newly developed 
coal mines nearer to the demand-centre or by-product 
coals carried by rail in u closed-circuit operation. 
This has shown that at distances up to and above 
1000 kilometres it is likely to be more economical to 
use the by-product coals. Examination has also been 
made (see paras 352-67) of the relative costs of carry¬ 
ing coal by rail to a demand-oriented power station 
and of carrying electricity by extra-high-voltage 
transmission lines from a supply-oriented power 
station near to the coal washery. This has shown 
that for large blocks of energy there is an economy 
in constructing such transmission lines and adopting 
the washery location. 

501. Examination has been made (see paras 
368-70) of the relative economies of generating plant 
of different sizes. The economies are such that there 
is advantage in a progressive move towards larger 
size, but not necessarily towards greater complexity, 
so far as this is achievable with the present ex¬ 
perience and resources of the heavy electricals in¬ 
dustry. 

502. The relative costs of generating electricity 
in thermal, hydro and nuclear stations huve been 
analysed in detail and in terms of the prospective 
costs of constructing and providing fuels for each in 
Indian conditions. (See paras 340-51). This analysis 
shows that, in certain locations at a distance from 
cheap coal supplies and where hydro is not available, 
nuclear energy is already competitive. For the next 
ten to fifteen years while experience is being gained 
with nuclear energy, there are adequate other sources 
of energy available if required. Thus, the decision to 
build nuclear stations should be reached on purely 
economic grounds. During the 1970’s, when the prob- 
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lems of using thorium have been satisfactorily re¬ 
solved, nuclear energy is likely to become increas¬ 
ingly competitive. 

503. The same analysis makes it clear that the 
best ultimate strategy of electricity generation is to 
use hydel increasingly to meet peak loads and to 
carry the base loads on steam plant, using wherever 
available by-product coals, and in some regions on 
nuclear plant. There are likely to be some regions, 
particularly in Northern India, where the development 
should probably be based whollv on hydel. (See paras 
417-9). 

504. The full and effective use of large thermal 
and nuclear stations and their integration with hydel 
stations is impossible unless transmission lines are 
available to the necessary extent. Indian investment 
in transmission and distribution has been inadequate 
and a large investment is necessary in the next Plan 
Period if full use is to be made of nuclear and other 
generating plant already planned and beginning con¬ 
struction. A beginning with the conduction of extra- 
high-voltage transmission lines is recommended be¬ 
fore 1970/1. (See para 367). 

505. Careful consideration has been given to the 
organisation of electricity supply that is most, ap¬ 
propriate to the changing technical conditions and to 
the need for greater integration than has existed in 
the past. We welcome the creation of electricity 
Supply Regions. We hope that this very necessary 
integration of the planning and operation of the 
generation of electricity may be achieved without 
any formal reorganisation and by the voluntary co¬ 
operation of the State Boards within the various 
Regions and of the Regions themselves. It will, how¬ 
ever, be necessary to watch carefully the progress of 
co-operation on this basis, and it may at some stage 
be necessary to consider whether a greater degree of 
central ownership and control of generating is a 
necessary condition of an effective generating policy. 
If that should sometime become necessary, it will 
remain desirable that State Boards should be re¬ 
sponsible for all distribution. And in any new organi¬ 
sation that may be worked out, effective decentrali¬ 
sation of day-by-day operations will be absolutely 
essential. We make certain subsidiary proposals for 
the strengthening of the State Boards. (See paras 
386-96). 

506. We have considered the problems of the 
pricing of electricity. We recommend that every effort 
should be made to reduce costs and to make prices 
as low as is compatible with an efficient and healthy 
industry. But we recommend that the State Boards 
should be encouraged to earn a reasonable economical 
return (which we estimate at 10%) on their invested 
capital and to provide from their retained earnings 
and depreciation funds a substantial part of the capi¬ 
tal funds needed for expansion. (See paras 466-73). 

507. In the interest of improved efficiency we 
suggest that careful attention be given well in ad¬ 


vance to the training of the technical staff that will 
be necessary. We believe that overseas suppliers of 
equipment would be prepared to collaborate in such 
training both in India and, where appropriate, in 
similar large stations abroad. (See para 403). 

508. Rural electrification should be expanded as 
rapidly as possible to all places of suitable size in 
rural areas. It is not likely to be possible to carry 
out rural electrification on a strictly commercial 
basis. Having regard to the very large rural popula¬ 
tion of India and the importance of the electricity 
supply industry retaining adequate funds for the ex¬ 
pansion of its general activities, it is not likely to be 
possible for rural electrification on a large scale to 
be subsidised to the extent that it is in most ad¬ 
vanced countries by urban electrification. We recom¬ 
mend that rural electrification be regarded more 
nearly as a social service than as a strictly eco¬ 
nomic enterprise and possibly financed in part from 
general revenues. (Sec paras 371-81). 

V mu DOMESTIC DEMAND 

50°. There are grounds for very serious concern 
regarding the supplies of energy to the domestic 
sector, principally for cooking but partly also for 
lighting, fans and air-conditioning and other purposes. 
The domestic demands have largely been met from 
traditional non-commercial sources, including fire¬ 
wood, cattle dung and waste products, but partly also 
in recent years from kerosene and electricity. The 
statistics are inevitably somewhat uncertain but re¬ 
cent inquiries have made it possible to present more 
accurate estimates. In 1960/1, non-commercial forms 
of energy probably provided about three-fifths of the 
total energy used in India and about nine-tenths of the 
energy used in the domestic sector. (See paras 144-58). 

510. This large supply of non-commercial 
energy has only been made possible by the cutting 
annually of about 100 million tonnes of firewood. 
This almost certainly exceeds the growth of available 
timber and involves the progressive deforestation of 
India. The growth of demand in the domestic sector 
that we forecast will, if nothing is done, rapidly de¬ 
nude increasing areas of India. (See paras 159-64). 

511. We fear that, if there are no immediate 
steps taken, shortage of firewood will cause grave 
hardship and lead to much larger demands for kero¬ 
sene than Indian potential imports are likely to be 
able to provide. We recommend that immediate and 
active measures be taken jointly by the Government 
of India and the State Governments to formulate and 
implement a policy for expanding the growth of 
quick-growing timber suitable for use as firewood; 
this will require the assignment to this use of con¬ 
siderable areas of land. (See paras 175-83). 

512. In addition we recommend that measures be 
taken to produce and popularise the use for domestic 
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purposes of commercial fuels based on indigenous 
coal supplies. (See paras 183-6). 

VI. THE PRICING OF ENERGY 

513. A satisfactory national policy for energy 
requires that all consumers of energy shall use those 
forms of energy which, having regard to the cir¬ 
cumstances of India, can be most economically pro¬ 
vided to meet their needs. It is of the essence of a 
satisfactory energy policy that consumers shall have 
the right incentives to use the right fuels. We have 
set out what we believe to be the essentials of an 
energy pricing policy. We recommend that the various 
bodies concerned in the making of prices for energy 
products take full account of the importance of estab¬ 
lishing the right incentives for consumers to use the 
most economic fuels. (See paras 442-6). 

514. If the present pricing policies are not re¬ 
vised, we foresee serious surpluses of unsaleable 
coking coal by-products and non-coking coal slacks. 
The disposal of these would cost considerable sums 
and be a grave waste of valuable national resources. 
From a national planning point of view these sur¬ 
pluses are available at zero cost. They should be 
priced at levels which will ensure their use and 
clear the market. At present the incentives to use 
them are inadequate. 

515. There are likely to be similar problems in 
the pricing of oil products, which in this case are 
affected by taxation policies. We recommend that 
taxation policies (see para 495 above) should take 
account of the probable deficits and surpluses of 
different type6 of oil products. 

VII. INVESTMENT IN ENERGY 

516. We have estimated the probable investment 
required in energy at different dates down to 1980/1. 
The ratio of investment in energy to total investment 
is about that which might be expected on the basis of 
similar inquiries in European countries. (See paras 
420-39). 

517. We have estimated also the proportion of 
the gross investment which is likely to take the 
form of imports on the basis of present trends. We 
think that it will be important that India shall as 
rapidly as possible reduce the dependence on im¬ 
ported equipment to a minimum, so as to reduce also 
the necessary foreign expenditures below those that 
we have estimated. Part of the large dependence 
on imports appears to result from the desire to progress 
in respect of installation of types of equipment rather 
more rapidly than Indian capacity is likely to be able 
to progress in respect of their manufacture. It will be 
necessary to hold a balance and to put heavy emphasis 
on the manufacture in India of types of equipment 


which at each stage can be produced with a low im¬ 
port-content. 

518. Plans for investment in energy need to be 
based on the best possible estimates of the future 
requirements for energy. In the case of electricity 
such estimates are provided both by the recently 
established Annual Electric Power Survey of India 
and by such studies as have been made on behalf of 
our Energy Survey. We have found discrepancies in 
respect of 1970 T between our own estimates based 
on the probable requirements of kWh in different 
industries in India as a whole and the estimates of the 
Power Survey. We believe that both the methods of 
estimation of future requirements arc valuable. But 
we take the view that better short-term estimates ex¬ 
tending over two or three years ahead can be provided 
(as does the Electric Power Survey) by building up 
detailed local estimates of future connected loads. 
We take the view that estimates for more distant 
dates can better be made, and better escape errors 
of duplication, by making estimates of total output of 
different industries and the corresponding energy re¬ 
quirements. Each method provides for intermediate 
dates a valuable check on the other. 

VIII. THE MAKING OF ENERGY POEICY 

519. We are convinced that it will be desirable 
to keep constantly under review the trends of energy 
consumption and to re-formulate policies as circum¬ 
stances change. We greatly welcome the establishment 
within the Planning Commission of a unil that will be 
concerned under one Member of the Commission with 
energy problems. We recommend (sec paras 23-4) that 
this unit be charged with the responsibility for the 
collection and organisation of the statistics that are 
essential to any such work. 

520. We would expect that it will be desirable 
to repeat at intervals of about five years some such 
survey as we have undertaken, in order that it may 
be seen whether circumslances have so changed that 
a change of policies is required. We hesitate at this 
stage to recommend that it should be conducted on the 
same basis as this survey has been. But we would 
emphasise the advantages that this survey has en¬ 
joyed through the close cooperation of representa¬ 
tives of the several Ministries under which energy 
problems are divided at present and of experts drawn 
from a number of fields in India and abroad and pos¬ 
sessing a wide variety of relevant experience. 

521. In the intervals between such reviews, we 
suggest that great advantage could be secured by pro¬ 
vision of inter-departmental arrangements for regular 
consultation between the Secretaries of the various 
Ministries concerned with energy problems. We under¬ 
stand that such provision has already been made. 
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ANNEX I 

Statistical Note 
on Domestic Consumption 

By E. A. G. Robinson 


1. The main report (paras. 144-150) stresses the 
difficulties of interpreting with certainty the data 
relating to domestic consumption of energy in India. 
The purpose of this note is to set out in rather more 
detail the evidence on which the conclusions re¬ 
garding the probable trends of energy consumption 
in recent years were based. 

2. The basic evidence available to us consisted 
principally of the results of two inquiries conducted 
by the National Council for Applied Economic Re¬ 
search. The first of these was conducted in 1958 
into the domestic consumption of energy in Bombay, 
Calcutta and Delhi. The second was conducted in 1962 
into the domestic consumption of a stratified sample 
of approximately 9000 rural households distributed 
over the whole of India. 

3. We possessed no direct evidence for the con¬ 
sumption patterns of the towns of various sizes 
intervening between the villages of the rural sample 
and the three big cities and containing some 70 
millions of population in 1962/3 out of a total for 


all India of 445 millions. For these it was clearly 
necessary to make some reasonable assumptions 
regarding both the total of domestic consumption per 
head and its probable division between different fuels. 

4. Apart from the evidence of the two N.C.A.E.R. 
inquiries we possessed more direct evidence from 
data relating to coal production and distribution of 
the volumes of consumption of domestic coke in dif¬ 
ferent years. With the assistance of the various oil 
companies we were able to make more direct esti¬ 
mates of the total kerosene consumption for domestic 
purposes in different years. From data relating to 
electricity distribution we were able to make more 
direct estimates of electricity consumption for do¬ 
mestic purposes. We were thus able to estimate 
directly the total growth of consumption for domestic 
purposes of all forms of commercial energy. 

5. The trend of total consumption of commercial 
energy for domestic purpose during the period 1953/4 
to 1962/3 has been as follows: 


TABLE 1-1 

DOMESTIC CONSUMPTION 
OF COMMERCIAL SOURCES OF ENERGY 
1953/4 to 1982/3 



(million 

tonnes of coal 

rep 1 aceman t ) 



1953/4 

1958/9 

1 960/1 

1962/3 

Soft Coke 

2.20 

3.10 

2.80 

2.60 

Kerosene 

7.70 

10.80 

1 2.90 

15.70 

Electric! ty 

0.70 

1.20 

1.50 

1. 70 

Tote 1 

10.60 

15.10 

17.20 

20.00 


6. It was possible, on the basis of the evidence 
of the consumption of commercial energy in the 
three big cities in 1958/9 and in the rural areas in 
1962/3 and of the estimated changes in population 
to make approximate allocations of the commercial 
energy to the big cities, the rural areas and the 
other towns. While these cannot be more than ap¬ 
proximate, it is thought that the errors are probably 
not large. 


7. It was possible also on the basis of the evi¬ 
dence of the big cities for 1958/9 and of the rural 
areas for 1962/3 to make estimates of the consump¬ 
tion of the non-commercial fuels. 

8. The two inquiries showed that, in terms of 
coal replacement, the average rural consumption in 
1962/3 was 0.38 tonnes per head; the average big 
city consumption in 1958/9 was 0.40 tonnes per 
head. It seemed reasonable to assume that the con- 
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sumption per head in the other towns was at a level 
between these two figures. 

9. Two estimates were then made for the years 
1953/4, 1958/9, 1960/1 and 1962/3 of the pattern of 
consumption in each of the three sectors - big cities, 
other towns, rural areas. The first of these estimates 
(given in Table 1-3below) assumed that consumption 
per head remained constant throughout the period and 
total consumption (including both commercial and 
non-commercial sources of energy) increased in 
proportion to population in each sector. In this esti¬ 
mate the consumption per head was assumed in all 


years to be 0.40 tonnes per head in the big cities; 
0.39 tonnes per head in the other towns; 0.38 tonnes 
per head in the rural areas. 

10. The second estimate (given in Table 1-5 below) 
assumed that consumption per head had increased 
slowly over the period, reflecting the relatively low 
income elasticities shown in the N.C.A.E.R. inquiry 
into domestic consumption in the big cities. It re¬ 
mained true, none-the-less, that the main cause of 
increased consumption was the increases of popu¬ 
lations. The assumed consumptions per head over 
the relevant years were as follows: 


TABLE 1-2 

ASSUMED INCREASES OF CONSUMPTION PER HEAD 
IN TABLE 1-5 

(tonnes coal repIacamant) 




1 953/4 

1 958/9 

1960/1 

1962/3 

Three 

Big Cities 

0.39 

0.40 

0.40 

0.41 

Other 

Towns 

0.37 

0.38 

0.39 

0.39 

Rura 1 

Areas 

0.36 

0.37 

0.37 

0.38 








TABLE 1-3 










ESTIMATES 

OF CONSUMPTION OF DOMESTIC SECTOR: 

1 








(Assuming constant 

consumpt1 

on per head) 









(mi 1 

11 ion tonnes 

Coal rep 

lacement) 






1953/4 



1958/9 



1960/1 


Three 

Big 

Cities 

Other 

Urban 

Areas 

Rura 1 
Areas 

Total 

Three 

Big 

Cities 

Othe r 
Urban 
Areas 

Ru ra 1 
Areas 

Total Three 

Big 

Cities 

Other 

Urban 

Areas 

Rura 1 
Areas 

Populations (M.) 

8 

58 

311 

377 

$ -j 

64 

33B 

410 

10 

68 

359 

Commercial Sources 












Soft Coke 

0.75 

0.50 

0.85 

2.20 

1.04 

0.56 

1.50 

3.10 

1.00 

0.50 

1.30 

Kerosene 

0.70 

2.50 

4.50 

7.70 

0.86 

3.53 

6.41 

10.80 

1.05 

3.65 

8.20 

Electricity 

0.30 

0.33 

0.07 

0.70 

0. 40 

0.65 

0.15 

1.20 

0.50 

0.80 

0.20 

Total 

1.75 

3.33 

5.52 

10.80 

2.30 

4.74 

8. 06 

15.10 

2.55 

4.95 

9.70 

Non-Comme rcia 1 
Sources 












Fi rewood and 

Cha rcoa 1 

1.34 

12.29 

73.41 

87.04 

1.15 

12.96 

77.06 

91.17 

1.26 

13. 7B 

81.49 

Dung Cakes 

0. 05 

2.97 

16.70 

19.72 

0. 04 

3.14 

18.60 

21.78 

0.04 

3.32 

18.54 

Waste Products 

0.05 

4.01 

22.55 

26.61 

0. 04 

4,22 

25.12 

29.38 

0.04 

4.48 

25.01 

Total 

1 .44 

19.28 

112.66 

133.38 

1.23 

20.32 

120. 78 

142.33 

1.34 

21 .58 

125.04 

A11 Fue 1 s 

3.19 

22.61 

11 8.1 8 

143.98 

3.53 

25.06 

128.84 

157.43 

3.89 

26.53 

134.74 

All Fuels per 

Head 

0.40 

0.39 

0.38 

0.38 

0. 40 

0.39 

0.38 

0.38 

0.40 

0.39 

0.38 
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11. For purposes of international comparison it 
may lie helpful to have in mind that, on the basis 
of the normal measurements of the kilocalorie con¬ 
tent of all the fuels concerned, and in terms of coal 
with the average kilocalorie content of 7000 kcal/kp 
used in the O.E.E.C. Report Towards a New Energy 
Pattern in Europe the average domestic consumption 
per head shown for 1962/3 in Table 1-2 is equivalent to: 


Big Cities 
Other Urban Areas 
Rural Areas 
All India 


0.24 tonne 
0.26 tonne 
0.26 tonne 
0.26 tonne 


The relatively higher consumption in rural areas 
and lower consumption in the big cities shown by the 
kilocalorie measurements is due to the fact that the 
latter takes no account, while the coal replacement 
method does take account, of the different thermal 
efficiencies in the use of kerosene and of non-com¬ 
mercial fuels. At the same time, a larger proportion 
of rural consumption is in the form of non-commercial 
energy for which, since in most cases no payment 
has to be made, the consumption is less restrained 


by economic considerations. 

12. On the basis of the assumption of constant 
consumption per head made in the estimates given in 
Table 1-3, it will be seen (see Table 1-4) that there is 
implied a total increase of consumption between 
1953/4 and 1962/3 of 24.26 m. tonnes of coal re¬ 
placement of which 9.40 m. tonnes was covered by 
increased consumption of commercial fuels and 
14.86 m. tonnes by increased consumption of non¬ 
commercial fuels. 

13. In Table 1-5 are presented the similar estimates 
for the three sectors on the assumption of rising 
consumption of energy per head. It is assumed that 
between 1953/4 and 1962/3 domestic consumption 
of energy per head in India as a whole rose by about 
4 Y t %. During the same period total personal con¬ 
sumption per head rose by about 10%. 

14. On the basis of the assumptions made in the 
estimates given in Table 1-5, the implied total increase 
of consumption between 1953/4 and 1962/3 (see 
Table 1-6 was 31.8m. tonnes; of this it is estimated 
that 9.4 m. tonnes was covered by increased sup¬ 
plies of commercial fuels; 22.4m. tonnes was covered 
by increased consumption of non-commercial fuels. 


1962/3 


Tota 1 

Th tee 

B i g 

Cities 

Other 

Urban 

Areas 

Rural 

Areas 

Total 

436 

10 

70 

365 

445 

2.80 

0.90 

0.40 

1 .30 

2.60 

12.90 

1 .20 

3.80 

1 0. 70 

15.70 

1.50 

0.58 

0.89 

0.23 

1.70 

17.20 

2.68 

5.09 

12.23 

20.00 


96.53 

1 . 

15 

14. 

18 

81.33 

96, 

66 

21.90 

0 . 

04 

3. 

42 

18.50 

21 . 

96 

29.53 

0 

04 

4. 

62 

2 4.96 

29. 

62 

147.96 

1 . 

23 

22. 

22 

124.79 

148, 

.24 

165.16 

3. 

91 

27. 

31 

137.02 

188. 

.24 

0.38 

0 . 

40 

0 . 

39 

0.38 

0 . 

,38 


TABLE 1-4 

DOMESTIC CONSUMPTION 

CHANGES 1853/4 TO 1962/3 
ON ASSUMPTION OF 


CONSTANT CONSUMPTION PER HEAD 

(million tonnes coal replacement) 


Total Consumption 

1962/3 

168.24 


Total Consumption 

1953/4 

143.98 


Inc r ease 


24.26 


Commercial Sources 

1 962/3 

20. 00 


Commercial Sources 

1953/4 

1 0.60 


Inc rease 


9.40 


Non-Commercial Sources 

1962/3 

148.24 


Non-Commercial Sources 

1953/4 

133.38 


Inc rease 


14.86 


Total Increase 


24.28 

100.0% 

Covered from Commercial Sources 

9.40 

38.8% 

Non-Commercial Sources 

14. 86 

81. 2 % 
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TABLE 1-5 


ESTIMATES OF CONSUMPTION OF DOMESTIC SECTOR: II 
(Attuaing rising consuaption per heed) 

(alllion tonnes coal repleceaent) 

1853/4 1858/0 18BO/1 



Three 

Big 

Cities 

Othe r 
Urban 

Areas 

Rura 1 
Areas 

Total 

Three 

Big 

Citiet 

Other 

Urban 

Areas 

Rura 1 

Areas 

Total 

Three 

Big 

Cities 

Other 

Urban 

Areas 

Rura 1 

Areas 

Populationt (Mi 11 

iont) 8 

58 

311 

377 

0 

64 

338 

410 

10 

68 

35 B 

Cowwarcial Sourest 












Soft Coks 

0.75 

0.50 

0.85 

2.20 

1.04 

0.56 

1.50 

3.10 

1.00 

0.50 

1.30 

Kerosene 

0.70 

2.50 

4.50 

7.70 

0.86 

3.53 

8.41 

10.80 

1.05 

3.85 

8.20 

Electricity 

0.30 

0.33 

0.07 

0.70 

0.40 

0.65 

0.15 

1.20 

0.50 

0.80 

0.20 

Total 

1.75 

3.33 

5.52 

10.60 

2.30 

4.74 

8.08 

15.10 

2.55 

4.85 

8.70 

Non-Coamorcial 

Sourest 












Firewood and 
Charcoal 

1.28 

11 .50 

68.36 

82.20 

1.15 

12.48 

74.85 

88.28 

1.26 

13.77 

80.25 

Dung Cakat 

0.04* 

2.78 

15.78 

18.81 

0.04 

3.02 

18.02 

21.08 

0.04 

3.32 

18.25 

lasts Products 

0.04 

3.77 

21.30 

25.11 

0.04 

4.07 

24.33 

28.44 

0.04 

4.48 

24.63 

Total 

1.38 

18.13 

108.44 

125.82 

1.23 

18.56 

117.00 

137.81 

1.34 

21.57 

123.13 

All Fualt 

3.11 

21.45 

111.88 

136.52 

3.53 

24.32 

125.08 

152.81 

3.88 

28.52 

132.83 

All Fualt 
par Head 

0.38 

0.37 

0.38 

0.38 

0.40 

0.38 

0.37 

0.37 

0.40 

0.38 

0.37 


15. It will be seen that, whichever assumption is 
made - that of constant consumption per head or that 
of slowly rising consumption per head - there seems 
likely to have been a quite considerable increase of 
consumption of the non-commercial fuels between 
1953/4 and 1962/3; even on the basis of no increase 
of consumption per head, the figure was probably not 
far short of 15 m. tonnes; on the much more probable 
basis of slowly rising consumption per head it was 
probably nearer to 22 m. tonnes. 

16. Of the two assumptions it is believed that 
that of slowly rising consumption per head more ac¬ 
curately reflects the probable past trend. The as¬ 
sumption of constant consumption per head was, 
indeed, only introduced in order to demonstrate that, 
even on that basis, with the actual growth of Indian 
population there has almost certainly not been an 
actual substitution (as has often been claimed) of 
commercial fuels for non-commercial fuels. Con¬ 


sumption of non-commercial fuels has continued to 
rise. Substitution, in the more esoteric sense of an 
increasing proportion of all energy consumed in the 
commercial forms, has merely diminished somewhat 
the rate of increase of consumption of non-commercial 
fuels. 

17. The estimates made in this note need to be 
treated with caution. While it is believed that we now 
know considerably more accurately than in the past 
the probable orders of magnitude of domestic con¬ 
sumption and its division between commercial and 
non-commercial sources, there inevitably remain 
uncertainties which can only be removed by further 
field inquiries. None-the-less the figures are now 
sufficiently good to make it possible to see with 
much more clarity the issues of policy involved. It 
is not likely that the remaining errors are such as 
to invalidate broad conclusions of policy based on 
the present data. 
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1962/3 


Tota 1 

Three 

Big 

Cities 

Othe r 
Urban 
Areas 

Rura 1 
Areas 

Total 

436 

10 

70 

365 

445 

2.80 

0.90 

0.40 

1.30 

2.60 

12.90 

1.20 

3.80 

10.70 

15.70 

1.50 

0.58 

0.89 

0.23 

1.70 

17.20 

2.68 

5.09 

12.23 

20.00 


95.28 

1.25 

14.18 

81.33 

98.78 

21.61 

0.04 

3.42 

18.50 

21.96 

29.15 

0.04 

4.82 

24.98 

29.62 

146.04 

1.33 

22.22 

124.79 

148.34 

183.24 

4.01 

27.31 

137.02 

168.34 

0.37 

0.41 

0.39 

0.38 

0.38 


TABLE 1-8 

DOMESTIC CONSUMPTION 

Changes 1953/4 to 1962/3 
on assumptIon of 
Rising Consumption per Head 

(million tonnes coal replacement) 


Total Consumption 

1 982/3 

16B.34 

Total Consumption 

1 953/4 

138.52 

Increase 


31.82 

Commercial Sources 

1962/3 

20.00 

Commercial Sources 

1 953/4 

10.60 

Increase 


9.40 

Non-Commercial Sources 

1 962/3 

14B.34 

Non-Commercial Sources 

1953/4 

125.92 

Increase 


22.42 

Total Increase 


31.82 

Covered from Commercial Sources 

9.40 

Non-Commercial Sources 

22.42 


100.0 

29.5 

70.5 
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ANNEX 2 
An Examination of 

The Development of Generating Facilities by Regions ^ 

By A. E. Bush 


1. An examination has been made of a possible 
plan for development of electricity generating facili¬ 
ties by regions. This examination was made primarily 
for the purpose of estimating fuel requirements in the 
terminal years of Plans IV, V and VI. It has been 
used also for estimating capital outlays for electricity 
supply facilities during Plans IV, V and VI. Although 
the plans selected were based on some consideration 
of available primary resources in each region and the 
relative economies of alternative plans, other plans 
certainly arc possible and on more detailed ex¬ 
amination may prove preferable. 

2. This examination does not purport to be a 
detailed blueprint for development. Obviously, a 
regional development plan must consider the specific 
resources available in the region, particularly with 
regard to cost and to location. However, it may be 
useful as a crude beginning of more comprehensive 
regional studies. 

REGIONAL RESOURCES 

3. Each region was examined separately and the 
plan selected in each case was based on known 
resources of the region. 

4. In considering such resources some attention 
was given to what may be called the strategy of 
development. Thus, available information suggests 
that wherever hydel resources are available they will 
provide the cheapest power (aside from areas where 
very cheap fossil fuel may be available). It would 

(1) This Annex was prepared by Mr. A.E. Bush, 
Chairman of the Working Group, to assist the Com¬ 
mittee m discharging the obligation under its terms 
of reference to study the development of power re¬ 
sources and to make recommendations as to the 
phasing in which these should be brought into use 
progressively. The Committee is grateful to Mr. Bush 
for his very thorough and searching study. Mr. Bush’s 
examination, as he emphasises, is not intended to 
be a detailed blueprint; other plans, as he says, 
certainly are possible, and on more detailed ex¬ 
amination, may prove preferable. Thus the Committee, 
in including this Annex in its report, would not wish 
it to be regarded as representing in any sense the 
Committee’s collective and agreed recommendation 
of a single and unchangeable scheme for power 
development. But it would wish to draw attention to 
the broad strategies of regional development which 
Mr. Bush has outlined. 


seem prudent, however, that, if available hydel will 
be fully exploited in the foreseeable future, a begin¬ 
ning be made on exploitation of alternative sources. 
Actually, in this study hydel resources have not been 
used to supply base load except in Southern Region 
in Plan V and in all Plan Periods in Northern Region, 
but have been used to supply peaking power at 15% 
plant factor. An obvious alternative would be the 
development of remaining hydel to supply base load 
in early years with provision for conversion to low 
plant factor operation in later years through addition 
of more generating capacity. 

5. As to coal and lignite resources the position 
adopted was that only 15% of available reserves 
should be allocated to power and that thermal capacity 
should not be expanded to the point where remaining 
reserves would not supply full requirements of coal 
for a period well beyond the life of generating facili¬ 
ties to be supplied by them. 

6. The assumption has been made also that, as 
petroleum refining expands, a certain amount of 
petroleum pitch and refinery gases will be available 
for thermal plants. Since these products have other 
uses, the proportion assigned to thermal plants was 
about half of the total available. Such amounts are 
small compared to prospective needs of fossil fuel. 
Some additional generation from fuel oil has been 
assumed for Southern Region in 1980/1. This genera¬ 
tion might alternatively be from coal or nuclear fuels. 

7. As to nuclear plants, I have made the pro¬ 
visional assumption that the necessary more detailed 
enquiry will show that about half of the base load 
(0t75plant factor) requirements during Plans V and VI 
in Western and Southern Regions will be most eco¬ 
nomically met by such plants. This assumption is 
wholly provisional; it would be technically possible 
that all base load requirements should be met either 
by pit-head plants or by nuclear plants, both with 
EH'V transmission. The final judgment as to which 
of the forms of generation will be cheaper can only 
be made when actual experience is available of the 
achieved costs of such nuclear plants of the Candu 
type in Indian conditions both for construction and 
operation; on the basis of pre-construction estimates 
supplied to us, nuclear plants would currently be 
competitive with the alternatives available in certain 
locations in those Regions and on certain reasonable 
assumptions of the delivered costs of coal. Probably 
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the important point is that, if experience shows that 
the pre-construction estimates cannot be achieved 
for the time being in practice, India is under no im¬ 
mediate compulsion to begin a large programme of 
nuclear stations now; that on the basis of our fore¬ 
casts, existing hyde! and fossil fuel reserves are 
quite adequate to support, if necessary, all expansion 
to 1980/1. Thus the scale of the nuclear programme 
can be determined by purely economic considerations. 
I am, however, convinced that India should, in any 
case, make a start with at least a few nuclear sta¬ 
tions, so as to be ready to proceed with a larger pro¬ 
gramme once the economic justification of such 
stations has been clearly demonstrated. 

8. With regard to by-product coal our studies 


indicate that, as a necessary result of washing cok¬ 
ing coal for the iron and steel industry, large amounts 
of this fuel will be available in Eastern Region. 
The volume of such fuel after 1970/1 will be far 
beyond the needs for Eastern Region. In these cir¬ 
cumstances, it seems probable that the price of 
by-product must be very low and therefore the cheap¬ 
est source of energy, not only for Eastern Region, 
but for Central Region as well. So, base load for 
these Regions has been supplied entirely from plants 
burning by-product with peaking capacity supplied by 
hydel plants. 

9. The resources considered in each Region are 
listed in Table 2-1. 


TABLE 2-1 




ENERGY 

RESOURCES OF INDIA BY REGIONS 



REGION 

EST 

1 MATED RESERVES OF FOSSIL 

FUELS 

HYDRO 

RESOURCES 


Coe 1 

Ligni te 

Crude Oi 1 

Nat. Gas 

TWh 

'/> Deve loped 


I0 9 t. 

10 9 t. 

I0 9 t. 

10 B M 3 


1 962/3 

Easte rn 

77.5 

- 

- 

- 

14.2 

8.1'/. 

Northern 

0.1 

0.12 


- 

36.6 

6.7 

Cent ra 1 

37.6 

- 

- 

- 

43.9 

2.9 

Western 

5.7 

- 

.035 

10.0 

13.6 

15.1 

Southern 

5.6 

2.1 

- 

- 

42.6 

11.4 

Assam 

3.9 

- 

.048 

21.5 

05.5 

.04 

All India 

130.4 

2.22 

.083 

31.5 

216.4 

5.5 


OTHER ASSUMPTIONS 

10. A basic assumption was made that system factor has generally been low load factor hydel. This 

plant factor by end of Plan IV would be 0.48. This latter could be accomplished either through adding 

assumption is based on a load factor of 0.6C (ratio of additional capacity to existing stations or by adding 

average load to maximum load) and on demand factor additional stations. The latter has been assumed in 

of 0.80 (ratio of peak load to dependable net generat- all cases although some capacity can surely be added 

ing capacity). The assumption with regard to the at lower cost in the former way. 

terminal year of Plans V and VI was that plant factor 12. It has been assumed that gross capability 

would be 0.51 except in the case of Assam Region will be the same as installed capacity except for 

where 0.48 was continued for all periods. These as- foot-of-dam hydel plants where the amount of water 

sumptions seem to be clearly attainable mostly by turbined is controlled by irrigation or other non¬ 
integration of facilities through improved transmis- power purpose. In such cases, since dependable 

sion nets. In my opinion they provide adequate al- capacity is usually less at low head than at high 

lowance for errors of estimate, forced outages, head, I have counted only the low-head capacity 

scheduled maintenance, etc. insofar as this information was available to me. 

11. Another basic assumption is that proper use However, gross installed capacity (including non¬ 
will be made of existing generating capacity in each dependable capacity) is given in the tables shown 

Regi on which, with the additional capacity to be later in this,analysis. It has also been assumed that 

added, will meet the requirements stipulated above. capacity available for transmission will be less than 

Generally, added thermal and/or nuclear stations are dependable generating capacity by 1% in the case of 

assumed to be base-loaded, at plant factor of 0.75. hydro plants and 6.5% in the case of all others. 

Additional capacity above that added at 6.75 plant 13. The analysis for each Region has been made 
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on a step by step basis beginning with 1970/1 and 
proceeding to 1975/6 and 1980/1, the terminal years 
of Plans V and VI, respectively. On the basis of our 
forecasts of final demand for electricity the required 
capacity at the end of each Plan period has been 
estimated. Then in the light of available resources 
a plausible plan was devised. 

14. In each case a primary consideration was 
the selection of plant that would minimize both 
capital outlay and annual expenses. In assessing 
relative capital outlay and annual expense I relied 
on generalised studies of a number of current pro¬ 
jects which are not necessarily representative of 
any particular project or any particular Region. Ob¬ 
viously, the outlay and expense for a specific pro¬ 
ject may be materially different from the averages I 
have used. 


15. In each Region there are a number of auto- 
producers who not only supply part or all of their 
own requirements but, in some cases, provide sub¬ 
stantial amounts for the public supply. However, no 
attempt has been made to separate such producers 
from the total. 

16. Specific consumption by “old” steam plant 
in service in the terminal year of each Plan period has 
been assumed as follows. By “old” steam plant I 
mean here all of the capacity that was in service at 
the end of 1960/1, plus a number of small steam 
units that have since been commissioned or shortly 
will be. (In the detailed analysis of each Region for 
1970/1 a reduction of generation by “old” steam 
plants was necessary in some regions either to avoid 
spilling water at hydel plants or to avoid reducing 
generation at more modern and efficient steam plants). 


TAILE 2-2 

SPECIFIC CONSUMPTION OF 

••OLD*’ STEAM SENEftAT IN8 CAPACITY REMA IN INS IN 
SERVICE IN TEWINAL YEARS OF FUTURE PLAN PERIODS 


YEAR 

Capacity in Sarvict, 8M 
Aggregate Bro** Generation, TWh 
Groat Spec. Cone, kcal/kfh 

17. Specific consumption by diesel generating 
plant has been assumed to be 0.350 kg of LDO per 
gross kWh generated. This is above the national 
average consumption in 1960/1 but is believed ap¬ 
propriate in view of the low plant factors I have as¬ 


1670/1 

1873/0 

1980/1 

3.26 

2.02 

1.46 

6.03 

0.30 

3.36 

45B0 

3780 

3680 


sumed for diesel plant. 

18. Specific consumption of new steam generat¬ 
ing plant has been assumed as follows for plant 
additions in each of the Plan periods. 


TABLE 2-3 

GROSS SPECIFIC CONSUMPTION OF STEAM POMER STATIONS 
TO BE INSTALLED IN FUTURE PLAN PERIODS 

PLAN GROSS SPEC. CONS, keal/k* 


III 

IV 

V 

VI 

These levels are well above what is now 
being achieved in more advanced countries but are 
believed reasonable in the light of current and pro¬ 
spective conditions in India, especially if, as we 
have proposed, the price of by-products be set at a 


2040 

2400 

2300 

2300 

low level. Moreover, they have not been invariably ap¬ 
plied to all plant additions. For a number of small 
future additions the assumed specific consumption 
has been 2640 kcal/kWh even in the later plan 
periods. 
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19. Plant auxiliaries are estimated to require 
some 6%% of gross output from steam, nuclear and 
diesel plants and \%of gross output from hydro plants. 


20. The following calorific values have been 
used for the various fuels that will be consumed in 
steam power stations: 


TABLE 2-4 


CALORIFIC VALUE ASSUMED FOR VARIOUS 

FUELS FOR 



STEAM POWER PLANTS 
(kilocalor ies) 




1970/1 

1 975/6 

1980/1 

By-product coal/kg 

4400 

4300 

4250 

Coal for old steam plants/kg 

5500 

5500 

5500 

Coal for new pithead plants 
at outlying fie Ids/kg 

4400 

4300 

4250 

Oil products/kg 

10000 

10000 

10000 

B1 a8 1 Furnace Gas/M^ 

850 

950 

G50 

Coke Oven Gas/M^ 

4500 

4500 

4500 

Lignite/kg 

3060 

3060 

3000 


21. Provision has been made for retirement by 
1980/1 of all steam and d iesel generating capacity 
that was in service at the end of 1955/6. The amount 


and regional distribution of these retirements is 
shown in Table 2-5. No specific provision has been 
made for retirement of hydro capacity. 


TABLE 2-5 


ASSUMED RETIREMENTS OF STEAM AND DIESEL GENERATING CAPACITY 
BY PLAN PERIODS AND BY REGION: MW 


REGION 

PLAN 

lv #V 

PLAN 

V 

PLAN 

VI 

All India 

Steam 0 

iesel 

Steam 

Diesa 1 

Steam 

Diesel 

300 

40 

642 

80 

1181 

144 

Easte rn 

69 

5 

208 

12 

374 

23 

Norths rn 

27 

7 

52 

16 

95 

31 

Cent ra 1 

78 

G 

142 

16 

258 

30 

Wests rn 

82 

1 3 

166 

22 

299 

38 

Souths rn 

43 

5 

73 

11 

129 

IS 

Assam 

1 

1 

1 

3 

6 

4 


22. Gross additions to generating capacity must 
provide not only for load growth, but for the replace¬ 
ment of capacity retired. It has been assumed that 
capacity commissioned in Plan 111 will be as fore¬ 
cast in the First Annual Power Survey. (I have modi¬ 
fied Survey results in light of more recent information 
insofar as that was available to me.) It has been as¬ 


sumed also that all fully approved capacity for Plan 
IV will be commissioned, again as indicated by the 
Power Survey (modified in some cases). 

23. The resulting gross additions to generating 
capacity in future plan periods are summarized in 
Table 2-6: 
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TABLE 2-8 

SUMMARY OF ADDITIONS TO GENERATING CAPACITY OF UTILITIES S 
AUTO-PROOUCERS BY PRIME MOVER & BY PLAN PERIOO-GN 
(including allowance (or replacements) 


PERIOD 

A. Ne t Capac i t y Add it ions 

Normal 

HYDEL 

15X 

PF Total 

STEAM 

NUCLEAR 

TOTAL 

Plan IV 







CASE 1 

3.85 

.87 

4.52 

1.33 

.55 

6.40 

CASE II 

3.85 

.91 

4.76 

1.85 

.55 

7.16 

CASE III 

3.96 

1.45 

5.41 

3.27 

.55 

9.23 

Plan V 







CASE 1 

1 . 06 

1.86 

2.92 

3.04 

.87 

8.83 

CASE II 

1 . 07 

2.78 

4.75 

3.92 

.86 

9.53 

CASE III 

3.02 

3.66 

6.68 

4.37 

1.33 

12.38 

Plan VI 







CASE 1 

1.8 

5.4 

7.0 

5.1 

1.7 

13.8 

CASE II 

2.0 

6.9 

8.9 

6.7 

2,3 

17.9 

CASE III 

2.4 

8.4 

10.8 

8.4 

2.8 

22.0 

B.Gross Capacity Additions 

' ^NSlS 

IV Only (Excluding 

non-dependab1 

1 e capacit y ) 


CASE 1 



4.57 

1.42 

.58 

6.57 

CASE II 



4.81 

1.98 

.58 

7.37 

CASE III 



5.48 

3.50 

.58 

9 54 


24. The fundamental plan of power supply adopted mission during Fourth Plan. The initial project 

for each Region is as follows: might be two single circuit 400 kv lines with capacity 

EASTERN REGION - base load supply from thermal of 1000 MW to deliver power from washery area of 

plants burning by-product coal; “peaking” power Eastern Region to vicinity of Nagpur where it would 

supply from low-load factor hydel plants. This pat- feed 220 kv grids of Maharashtra and Madhya Pradesh, 

tern of development possibly cannot be begun in This could be expanded in later plans. Third and 

reality until Fifth Plan Period because sufficient Fourth Plan steam stations in region already con- 

capacity to supply this region is said to be almost structed or fully approved may be supplied with by- 

all fully approved. However, it seems possible and product coal by ‘‘closed circuit” rail operations 

desirable io provide excess thermal capacity in this from Eastern washeries. 

region during Fourth Plan to export power via EHV WESTERN REGION - base load supply from pithead 

transmission lines to eastern Maharashtra and Madhya steam plants or from nuclear plants; “peaking” 

Pradesh. power supply from low load factor hydel plants. 

NORTHERN REGION - entire supply from hydel plants Base loud should be supplied from load-oriented 

designed for 60% plant factor. Strong transmission plants, like Dhuvaran, only if an economic fuel sup- 

ties to networks of Uttar Pradesh and Madhya Pradesh ply can be provided, as, for example, by “closed 

would be desirable. circuit” trains from outlying coalfields, or by pro- 

CFNTRAE REGION - base load supply from thermal vision of refinery wastes such as petroleum pitch, 

plants burning by-product coal supplemented by refinery gas etc. 

transfer of large blocks of power from Eastern Region; SOUTHERN REGION - generally similar to Western 

“peaking” power supply from low load factor hydel Region, except ihat large undeveloped hydel re¬ 
plants. As mentioned above, it would appear possible sources suggest that considerable base load growth 

and desirable to make a beginning with EHV trans- should be met by development of these resources at 
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60% plant factor through Fifth Plan period. In the 
model actually used considerable use has been made 
of oil products from refineries to be built in this re¬ 
gion. 

ASSAM Rh/.ION - a balanced supply from thermal 


and hydro resources has been adopted. 

25. Installed capacity by prime mover is shown 
in Tables 2-7, 2-8 & 2-9 for 1960a. 1970 1, 1975 6 and 
1980. 1 respectively. Regional data are shown only 
for 1960 1 and 1970 1. 


TABLE 2-7 

INSTALLED GROSS GENERATING CAPACITY FOR ELECTRIC UTILITIES AND AUTO- 
PROOUCERS, BY REGION, at 31 MARCH 1981, GW 


UTILITIES 

HYOEL 

STEAM 

DIESEL 

TOTAL 

All India 

1 . B43 

2.436 

0. 300 

4.579 

Easts rn 

.234 

.971 

. 035 

1.241 

Northern 

.263 

.109 

.065 

.437 

Cent ra 1 

.182 

.441 

. 0B3 

. BB5 

Waste rn 

.282 

.724 

. 087 

1 . 093 

Sout hern 

.892 

.185 

.038 

1.116 

Assam 

1 

.008 

. 012 

. 028 

AUTO-PRODUCERS (1) 




All India 

0.003 (2) 

0.954 

0.044 

1.001 

Eastern 

0.0 

.556 

.017 

.573 

Northern 

00 

.085 

. 006 

.092 

Cent r a 1 

0.0 

.127 

. 008 

.134 

Waste rn 

0.0 

.099 

.008 

.107 

Sout he rn 

0.0 

.086 

. 008 

. 092 

Assam 

0.0 

.003 

.001 

. 004 

UTILITIES AND AUTO PRODUCERS 




Al 1 India 

1 . 846 

3.390 

0.344 

5.580 

Easte rn 

.234 

1.527 

.052 

1 .814 

Northe rn 

.263 

.194 

.071 

.529 

Cant ra 1 

. 162 

.568 

.071 

. 799 

Western 

.282 

. 82 3 

.095 

1.200 

Sout he rn 

. 892 

. 271 

.044 

1 .206 

Assam 

.010 

.009 

. 013 

. 032 

(1) Regions 1 

(2) Location 

breakdown by type 
unknown; included 

of prime 
only in 

mover estimated 

Al 1 India total. 
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TABLE 2-8 


INSTALLED GROSS GENERATING CAPACITY* 

FOR ELECTRIC 



UTILITIES & 

AUT0-PR00UCERS-BY REGION & 

BY PRIME MOVER 





AT 

31/3/71 GW 







Steam t Gas 




Rsgion 


Hyde 1 

Turbines 

0lese 1 

Nuclea r 

Total 

CASE 1 







All India 


9.58 

7.89 

.38 

.58 

18.43 

Eastern 


1 .29 

3.12 (1 ) 

, 06 

- 

4.47 (,) 

Northern 


1 .48 

.46 

. 08 

.20 

2.20 

Cant ral 


1 ,42 (21 

1.74 

.07 

- 

3.23 (2) 

Watte rn 


1.27 

1.39 

.09 

.38 

3.13 

Southern 


4.05 

1.08 

.05 

- 

5.18 

Assam 


.09 

.10 

.03 

- 

.22 

(1) Includes .09 

GW for 

Central 





(2) Includes .58 

6W for 

Western 





CASE II 







All India 


9.83 

8.45 

.38 

.58 

19.24 

Eastern 


1.54 

3.88 ( ’ ) 

.06 

- 

5.2 8* ' ) 

Northern 


1.46 

.48 

.08 

.20 

2.20 

Cent re 1 


1 ,42 <2) 

1.74 

.07 

- 

3.23 ( " 

Western 


1 .27 

1.39 

.09 

.38 

3.13 

Southern 


4.05 

1.08 

.05 

- 

5. 18 

Assam 


.09 

.10 

. 03 

- 

.22 

(1) Includes .31 

GW for 

Central; . 

05 GW for Western 




(2) Includes .58 

GW for 

Western; 





CASE III 







All India 


10.48 

9.87 

.36 

.58 

21 .41 

Eastern 


1.87 

5.20 (I } 

. 06 

- 

7.13 (,) 

Northern 


1.57 

.46 

.08 

.20 

2.31 

Cent ra 1 


1 ,42 <21 

1. 74 

.07 

- 

3.23 (2) 

Western 


1.27 

1. 39 

.09 

. 38 

3.13 

Southern 


4.28 

1.08 

05 

- 

5.39 

Assam 


.09 

.10 

.03 

- 

.22 

(1) Includes 0.75 GW lor 

Central; 0. 

70 GW for Western 




(2) Includes 0.58 GW for 

Western 





* Includes non-dependab la hydal capacity of 0.40 GW in Northern, 0.23 in 

Cent ra 1 
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TABLE 2-0 


INSTALLED GROSS GENERATING CAPACITY FOR ELECTRIC UTILITIES 
8 AUTO-PRODUCERS BY PRIME MOVER AT 31 MARCH 1976 ANB 
31 MARCH 1881. GV. ALL INDIA 


31 March 1978 

Hyde 1 * 

Gas g Steam 
Turbines 

D i e se 1 

Nuc1 ear 

Total* 

Case 1 

12.0 

10.0 

.3 

1.3 

24.8 

Case 11 

14.a 

12.1 

.3 

1.5 

28.7 

Case III 

17.5 

14. P 

.3 

2.0 

33.9 


* Nan-dependable capacity: Case l-0.76V; Case II-Q.8GV; Case lll-O.BGW. 


31 MARCH 1981 


Case 1 

19.8 

14.9 

.2 

3.1 

38.0 

Case II 

23.9 

18.1 

.2 

4.0 

46.2 

Casa III 

28.6 

21.9 

.2 

5.0 

55,7 

* Non-dependsb 1 e capacity:' Casa 

1-0.BGW; Case 1 

1-0.96V; 

Case III 

-1.1 GV. 


27. Gross generation comparable to installed corresponding to gross generation is Bhown in Tables 

capacity is shown in Tables 2-10 to 2-12. 2-13 to 2-15. 

28. Fuel consumption by steam and diesel plants 

TABLE 2-10 

GROSS GENERATION BY ELECTRIC UTILITIES AND AUTO-PRODUCERS 
8Y REGIONS. 1900/1, TWh 



HY0EL 

STEAM 

DIESEL 

TOTAL 

UTILITIES 





All India 

7.764 

8.723 

0.387 

16.853 

Eastern 

.788 

3.559 

. 058 

4.404 

Northern 

1.010 

.341 

. 086 

1.437 

Central 

.463 

1.216 

.050 

1.729 

Vastern 

1.365 

3.044 

. 131 

4.539 

Southern 

4.117 

.584 

.025 

4.705 

Assam 

.021 

- 

.017 

.038 

AUTO-PRODUCERS 

(a) 




All India 

0.006 (b) 

3.133 

. 152 

3.293 

Eastern 

- 

1.925 

.066 

1 .991 

Northern 

- 

.298 

.023 

.321 

Cent ra1 

- 

.377 

. 023 

.400 

Vastern 

- 

.243 

.018 

.281 

Southern 

- 

.273 

. 021 

.294 

Assam 

- 

.017 

.001 

.018 

UTILITIES AN0 

AUTO-PROOXERS 




All India 

7.770 

11.856 

.519 

20.146 

Eastern 

.788 

5.484 

. 124 

6.395 

Northern 

1.010 

.639 

. 109 

1.758 

Cent ral 

.483 

1.593 

.073 

2.129 

Vesta rn 

1.365 

3.287 

. 149 

4.800 

Southern 

4.117 

.837 

.046 

4.999 

Assam 

.021 

.017 

.018 

.056 

(a) Generation 

by type of prime mover 

estimated 



(b) Location unknown; included only in 

a 11 - Ind ia 

total 




TABLE 2-11 


GROSS GENERATION BY ELECTRIC UTILITIES t AUTO-PRODUCERS 
BY REGION & BY PRIME MOVER. 1 970/1; TWh 


CASE 

REGION 

HYOEL 

GAS TURfi. 

& STEAM 

DIESEL 

NUCLEAR 

TOTAL 

1 

All India 

34.56 

30.87 

.40 

3.87 

89.70 


Easts rn 

3.37 

15.68 (,) 

.06 

- 

19.11 


Northern 

4.24 

1 .02 

.09 

1.34 

6.69 


Central 

5.31 <2) 

7.51 

.06 

- 

12.88 


Western 

5.07 

4.61 

.10 

2.53 

12.31 


Southern 

16.20 

1.76 

.04 

— 

18.00 


Assam 

.37 

.29 

.05 

- 

.71 

1) 

Includes 0.80 TWh f or 

Cent ra 1 





2) 

Includes 2.32TWh for 

Western 





1 1 

All India 

34.89 

37.46 

.40 

3.87 

76.62 


Eastern 

3.70 

19.33 (1) 

.06 

- 

23.09 


Norths rn 

4.24 

1 .50 

.09 

1 .34 

7.17 


Cent re 1 

5.31 <2) 

7.03 

.06 

- 

12.40 


Western 

5.07 

5.55 

.10 

2.53 

13.25 


Southern 

16.20 

3.70 

.04 

- 

19.94 


Assam 


.35 

.05 

- 

.77 

1) 

Includes 1.99 TWh for 

Central; 0.29 TWh for 

Waste rn 





2) Includes 2.32 TWh for Western 


All India 


36.06 

47.94 

.40 


3.87 

88.27 

Eastern 


4.14 

29.19 (,) 

.06 


- 

33.39 

Norths rn 


4.69 

2.00 

.09 


1.34 

8.12 

Cent ra 1 


5.31 (Z) 

8.05 

.06 


- 

11.42 

Western 


5.07 

4.09 

.10 


2.53 

11.79 





Southern 


16.48 

6.20 

.04 


- 

22.72 

Assam 


.37 

.41 

.05 


- 

.83 

includes 4.81 TWh 

for Central 

; 4.52 TWh for Western 





Includes 2.32 TWh 

for Western 

table 

2-12 





GROSS 

GENERATION 

BY ELECTRIC 

UTILITIES & 

AUTO-PRODUCERS 




BY PRIME MOVER: ALL INDIA. 1975/6 & 

1980/1 TWh 




HYOEL 

STEAM t GAS 
TUR8INES 

DIESEL 

NUCLEAR 


TOTAL 

A. 1 975/6 








CASE 1 

43.5 

55.2 

.3 


8.5 


107.5 

CASE II 

49.2 

65.0 

.3 


9.9 


124.4 

CASE III 

57.0 

77.1 

.3 


13.1 


147.5 

B. 1980/1 








CASE 1 

56.8 

88.8 

.2 


20.4 


168.0 

CASE It 

65.4 

110.4 

.2 


26.3 


202.3 

CASE III 

78.6 

134.4 

.2 


32.8 


244.0 
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TABLE 2-13 



FUELS CONSUMED 

BY ELECTRIC 

UTILITIES 

AND AUTO-PRODUCERS 


REGION 

LD0(2) 
(Diesel ) 

BY REGIONS, 1 960^1 
(mi 11 ion tonnes ) 
Coking Non-Coking 

Coal Coal 

Coke Fuel 

Oi 1 

Blast Fur. 

& C.O. GasO) 

All India 

0.166 

0.47 

8.11 

0.03 0.278 

0.53 

Eastern 

.044 

.46 

3.17 

. 03 .003 

.48 

Northern 

.033 

- 

. 67 

. 002 

- 

Cent ral 

.024 

.01 

1.61 

.002 

.05 

Western 

. 044 

- 

1.94 (3 > 

.259 

- 

Sout he rn 

.016 

- 

.74 

. 099 

- 

Assam 

.006 

- 

- 

.001 

— 


(1) In equivalent million tonnes of coal of 5660 kcal/kg 

(2) Consumption of LDO by auto-producers wholly estimated both 
as to amount and as to regional breakdown. Such consumption 

is included in ‘‘Industry other*' in basic statistics in Annex 4. 

Total amount for all India is believed to have been about 
0.054 million tonnes. 

(3) Adjusted from value in basic statistics to exclude coal equi¬ 
valent of oil consumed for generation in Western Region. 

TABLE 2-14 

ESTIMATE OF FUELS CONSUMED IN STEAM £ 01ESEL POWER STATIONS OF UTILITIES 
& AUTQ-PROOUCERS BY FUEL & BY REQION IN 1970/1 

(mi 11ion tonnes) 



LDO 

Coa 1 

Coa 1 

Lignite 

Fuel 

Gas & (1) 

Region 

(Oiese1 ) 

5500 kcal/kg 

4400 kcal/kg 


Oi 1 

Waste Prod 

All India 

.14 

3.18 

13.34 

1.70 

.77 

.74 

Easte rn 

.02 

2.67 

7.60 

- 

.03 

.40 

Northern 

.03 

- 

.61 

- 

- 

- 

Cent ra 1 

.02 

.04 

4.44 

- 

- 

.05 

Western 

.04 

.45 

.69 

- 

.73 

- 

Southern 

.01 

- 

- 

1.70 

- 

- 

Assam 

.02 

.02 

*3 - 

- 

.01 

.20 

All India 

.14 

3.96 

15.00 

3.70 

.87 

.79 

Easte rn 

.02 

2.67 

9.45 

- 

.03 

.49 

Northern 

. 03 

- 

.90 

- 

- 

- 

Cent r a 1 

.02 

.04 

4.15 

- 

- 

.05 

Waste rn 

.04 

1 .23 

.56 

- 

.83 

- 

Southe rn 

. 01 

- 

- 

3.70 

- 

- 

Assam 

. 02 

.02 

- 

- 

.01 

.25 

All India 

. 14 

3.81 

20.77 

3.93 

.99 

.85 

Easte rn 

. 02 

2.67 

14.96 

- 

.03 

.49 

Nor the rn 

.03 

.49 

.64 

- 

- 

- 

Cent ra 1 

.02 

.04 

3.57 

- 

- 

.05 

Western 

.04 

.01 

.35 

- 

.92 

- 

Southern 

.01 

.38 

1.05 

3.93 

.03 

- 

Assam 

.02 

.02 

- 

— 

.01 

.31 


(1) In million tonnes of coal equivalent of 5500 kcal/kg. 
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TABLE 2-15 


ESTIMATE OF FUELS CONSUMED IN STEAM AND DIESEL POWER STATIONS OF UTILITIES i 
AUTO-PRODUCERS BY FUEL. ALL INDIA. 1975/6 & 1980/1 
(mi I Iion tonnes ) 




LOO 

Coa 1 

Coal (1 > 


Gas 8 Waste 



(0 i ese l ) 

5500 kca1/kg 

Low Grade 

Lignite Fue 1 Oil 

Products (2) 

1 975 

6 






CASE 

1 

. 10 

2.5 

23.7 

4.7 1.25 

. 8 

CASE 

I 1 

.10 

2.5 

2 8.5 

4.9 1.36 

.8 

CASE 

1 11 

. 10 

2.5 

35.0 

5.3 1.47 

.9 

t 980/1 






CASE 

1 

. 07 

.6 

38.7 

6.6 2.51 

1 . 1 

CASE 

11 

.07 

.6 

48.7 

6.6 3.03 

1 .2 

CASE 

III 

. 07 

.6 

60.3 

6.6 3.45 

1 .2 


(1) 

4300 kca1/kg 

in ! 975 ^6; 4250 

keal/kg in 1 980/1 




(2) 

In million tonnes of coal equivalent of coal with 5500 kcal/kg. 



29. Some general implications for the development 
of regional electricity supplies: 

I .) Construction and extension of regional 
transmission grids. 

An important basic assumption in this study 
is that regional transmission grids will be con¬ 
structed and or developed to such a level as will 
permit the optimum use of generating facilities. 1 
understand that high voltage transmission lines are 
planned by all state electricity boards. 1 sec much 
merit in extending and strengthening these grids so 
as to permit the effective integration of all major 
generating facilities on a regional basis. 

2. ) Inter-regional transmission ties. 

I also see much merit in starting immediately 
a limited number of high capacity KilY transmission 
lines to: a) move energy from Eastern Region to the 
eastern portions of Central and Western Regions so 
as to minimize the rail transport of high ash by¬ 
product coals; and b) supplement (he predominantly 
hvdro resources of Northern Region from the thermal 
systems of It tar und Madhya Pradesh. 

3. ) Impact of by-product coal on development 

of outlying coal fields. 

1'his study shows very clearlv that the by¬ 
product coals that will result from washing coking 
coal for the steel industry will supply the major 
portion of the coal required for thermal generation 
during the period 1 have reviewed. This by-product 
can be used either in power stations located in the 


washery area or in new power stations located in 
outlying areas. Any particular solution would depend 
on the relative costs of KIIY transmission versus 
“closed-circuit” rail transport. But, in either case, 
fresh coal cannot profitably be mined even as far away 
as Satpura at any time when by-product coal exceeds 
the requirements of power plants in the liih.ir-Bcngal 
area. 

4.) Pit-Head Plants 

The construction of pit-head plants probably 
should be influenced by the availability of by-product 
coal. On the basis of the projected tonnages of such 
fuel, it seems that by-product will supplv the re¬ 
quirements of electric power plants onlv in the 

Eastern Region in 1970 I, but will supplv such re¬ 
quirements for substantially all of India in later 

years. In view of the long life of power plants, as 
well as the high cost of developing new coal mining 
capacity, it would seem that power-plant sites should 
be so chosen as to make optimum use of hv-product 
in the long view. Such considerations suggest that 
the tentative plans for expansion of pit-head pltfnls 
at intermediate coal fields like Singrauli. horba and 
Talcher might be re-examined in the light of the 
long run outlook. Eor example, it seems obvious that 
an alternative choice is the construction of such ad¬ 
ditional capacity in the washerv area with transmis¬ 
sion of electricity rather than transport of high ash 
bv-product. 

In the case of the outlving coal-fields, how¬ 
ever. the problem is further modified by the possibili¬ 
ty that India may be able to achieve considerably bet- 
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ter coal to pig iron ration than are forecast in this 
report. If such a favourable development should oc¬ 
cur (as our Working Group and most Indian steel ex¬ 
perts expect), the available quantities of by-product 
will be less than are now projected and pit-head 
plants at coal fields like Sntpura, Chanda and 
Singareni would be supplied entirely by local coals. 
Hence, as additional steam plant capacity is needed 
in these regions, I would recommend the construction 
of pit-head plants. 

5.) The future role of hydro resources. 

Since most of the hydro resources of India 
(outside of Assam Region) require large seasonal 
storage reservoirs it 9eems obvious that, except in 
Northern Region, where the undeveloped resources 
are very large, all hydro projects be designed to 


provide for future conversion to peaking (low plant 
factor) operation. I am pleased to note that this is, 
in fact, the adopted policy of Central Water and 
Power Commission. I see much merit in thus providing 
for “peaking capacity” at a low cofet*per kilowatt. 

6.) Load-oriented plants. 

I see little merit in extending existing stations 
at load centres or in building new one9 except in 
those cases where it is clearly economic to do so. 
For example, if the “closed-circuit” railway opera¬ 
tive proves to be feasible for large volumes of coal, a 
load-oriented plant may be preferable to a pit-head 
plant with extensive transmission. Other exceptions 
may be steam plants using refinery wastes and nu¬ 
clear plants. 
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ANNEX 3 

India's Hydro-Electric Resources ' 


1 INTRODUCTION 

1.1 A systematic appraisal of India's hydro¬ 
electric resources is important from the point of 
view of an overall energy study. That India’s re¬ 
serves of high grade coal are limited is well known 
and these have to be conserved for metallurgical 
purposes The country has sizeable resources of 
relatively poor quality coal. Their utilisation for 
electricity generation through large mine-head thermal 
stations has already been initiated and these to¬ 
gether with washery oriented plants will form the 
mainstay of future coal-based thermal generation. 
How ever, these resources are restricted to a few 
coal-bearing regions and therefore coal-based thermal 
generation cannot be expected to play as predominant 
a part in overall power production in India as in 
IJ.S A., the II.K. and the U.S.S.R. India’s proven oil 
and gas resources are so meagre that they are. not 
even sufficient to meet the numerous high priority 
requirements in the fields of transportation, chemical 
industry etc. Compared with the vast reserves of 
economically utilisable, hydro power potential of 
about H) million kW at 60% load factor (corresponding 
to !16 TWh - billion kWh - annual output on a firm 
bus's), the actual current development of about 2.5 
million kW (2) (corresponding to 13 TWh annual out¬ 
put i is indicative of the tremendous scope for further 
development of hydro power. It is of special im¬ 
portance in the field of electricity development in 
India due to its inherent economy and relatively low 
foreign exchange requirements. This paper presents 
the extent and location of economically utilisable 
hydro-electric resources in the country. 

2. APPROACH TO THE PROBLEM OF ASSESSMENT 
OF HYDRO-ELECTRIC POTENTIAL 

2. I The common approach to the problem of as¬ 
sessing the. hydro-electric power potential is first 
to "sinuate the “theoretical limit” and then to derive 
th< “technical” and “economic” limits by applying 
to the theoretical limits certain factors determined by 
cx(ierunce from situations where all these limit 
have been worked out individually with fair accuracy 
by detailed studies. This has been done in Europe 
by L.C.F, and elsewhere. There are some serious 


<1) Prepared by CWPC (Power Wing) . 

i 2) 7 he details of existing hydro-electric develop¬ 
ment are outlined in Table }-l. 


limitations in applying such an approach and they 
are outlined below. 

(i) It gives no precise indication of the actual 
location of the potentially useful hydro resources , 
and the characteristics of the individual sites that 
constitute the total potential. 

(ii) The flows of Indian rivers vary very widely 
from several thousands of cubic metres per second 
(m 3 /s) during the monsoon period to a few m 3 /s in 
the dry weather. For reliable firm power generation, 
these variations have to be regulated. The limits of 
regulation that can be provided with reservoirs are 
set by topography and requirements of flood control, 
problems of submergence etc. These factors vary 
enormously across the country and it is therefore 
difficult to derive “technical” and “economic” 
limits from “theoretical” limits in a realistic manner. 
Attempts to do so without detailed study of individual 
projects in different basins would be misleading. 

(iii) Further, in some cases there are restrictions 
imposed by irrigation and other priority uses which 
again depend on topography, climate etc. and impose 
in turn restrictions on available waters and storages. 
These cannot be taken into account with any reason¬ 
able degree of accuracy in overall theoretical estimate 
and derivations therefrom. 

2.2 In view of the above limitations, the C.W.&. 
P.C., when it initiated a survey of the hydro potential 
of the entire country in the year 1953, felt that the 
study should be based on specific schemes of de¬ 
velopment which would incidentally provide the 
necessary data for forward planning. Such a study to 
be realistic required systematic collection and ex¬ 
amination of all available topographical, hydrological 
and other data. In regard to the tbpographical data, 
contoured topographical maps in the scale of 1” = 1 
mile and 1/2” = 1 mile with contour intervals at 50 
ft. and 100 ft. respectively are available for almost 
all areas of the country. These maps have proved to 
be of reliable accuracy for preliminary studies and 
were used to select potential sites for storages and 
development of head- On the hydrological side, actual 
runoff data is, no doubt, meagre for most of the sites 
in the upper reaches. However, fairly good rainfall 
data is available for most of the areas and thanks to 
the early start which the country had in initiating 
river valley projects for irrigation and power, some 
runoff data is invariably available either lower 
down the basin or in similarly situated neighbouring 
basins. With this data, hydrological studies of suf- 
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ficient accuracy were possible. With the advanced 
state of development of irrigation in the country and 
the programme of investigation of future potential 
sites underway, data regarding the existing and future 
requirements of irrigation could be obtained. On the 
basis of the above data, specific schemes were 
evolved for developing the resources of each basin 
taking into account technical and economic limita¬ 
tions. All possibilities of development in each basin 
were examined and the most economic alternatives 
chosen from considerations of the phvsical proportions 
of the civil works required in relation to the benefits 
assured. I he prima facie economic feasibility were 
judged on the basis of prevailing yardsticks of costs 
and construction techniques. 

2.3 Before passing on to the details of hydro¬ 
electric resources it would be useful to describe 
briefly the physical features of the country, its 
geological features, pattern of rainfall and its river 
systems. For, the hydro-electric potential of a river 
is basically created by the quantity of water it car¬ 
ries and the relief of the terrain over which it flows. 

3. PHYSICAL FEATURES 

3.1 India may be divided into three well-defined 
geomorphological regions: (i) the great mountain 
zone of the Himalayas, (ii) the Indo-Gangctic plain 
and (iii) the southern Peninsula. 

3 2 The Himalayas. 

3.2.1 The Himalayas comprise three almost paral¬ 
lel ranges interspersed with plateaus and valleys 
some of which, like the Kashmir and Kulu valleys, 
are fertile, extensive and of great scenic beauty. The 
Greater llimalayun mountain range, which forms the 
axis of the mountain mass extends over a distance of 
about 2400 km with varying depths between the Indus 
River in the west to the Brahmaputra in the east. At 
its western extremity lies the Nanga Parbat (8116.5 
m) and at its eastern end stands Naim ha Barwa 
(7755.6 tti) - and in between lie numerous peaks over 
6100 rn high including the magnificient culmination 
of Mount Everest (8882 nt). (South of the great Himalayas 
run the ranges collectively known as the “lesser 
Himalayas". The greater and lesser Himalayas are 
extensively covered with glaciers and the snow fields 
functioning as vast natural reservoirs feed practically 
every major Himalayan river. The last rank of the 
Himalayan massif is provided bv the Siwalik range, 
running south of the lesser Himalayas, between it 
and the Indo-Gangetic: plains and extending from 
Ihelum to the west and Kosi in the east. These ranges 
are not very high, rarely exceeding 610 m. 

3.2.2 The courses of the Himalavan rivers through 
the Siwaliks, and through the Duns behind them, pro¬ 
vide the maximum interest for hvdro-power generation, 
in view of the fuel that they afford the only pos¬ 


sibilities in this entire mountain region for con¬ 
struction of large reservoirs for control of the flows 
of these rivers. The" courses of the rivers through 
the lesser Himalayas are also of interest, though to a 
lesser extent. Some of the main streams follow steep¬ 
ly dipping and winding courses across the vallevs 
between the main ranges, to provide concentrated 
drops for run-of-the-river hydro development. Behind 
the lesser Himalayas the water courses are hardlv. 
if ever, of interest from the point of view of hydro 
development, on account of (he dispersion of the 
main river into numerous streams, inadequate river 
flows during the winter, lack of possibilities for 
regulation of river flow and their general remoteness. 

3.2.3 At the eastern end beyond the so-called 
north-eastern syntaxis. the Himalayas join on the 
hills of the Assam-Burma ranges. 'The hill ranges 
are much lower. The main streams in this region also 
follow steep winding courses which are topographical I v 
ly favourable for run-of-the-river hydro-electric de¬ 
velopment. 

3.3 The Indo-Gangctir Plain. 

3.3.1 The Indo-Gangetic plain, 2400 km. long 
and 240 to 320 km broad. is one of the world’s great¬ 
est stretches of flat alluvium and also one of the 
most densely populated areas on earth. There is 
hardly any variation in relief. Between the Yamuna 
River at Delhi and the Bay of Bengal nearly 1600 km. 
away, there is a drop of only 200 in. in elevation. 
This area has little significance from the point of 
view of hydro-electric development. 

3.4 The Peninsular Plateau. 

3.4.1 The Peninsular plateau is marked off from 
the Indo-Gangetic plain by a mass of mountain and 
hill ranges, varying from 500 to 1300 m. in height. 
The more prominent among these are the Aravali. the 
Vindhyu, the Satpura. the Maikal and the A junta. 
The Peninsular plateau is flanked on one side by the 
Eastern Ghats, where the average elevation is about 
800 m. and on the other by the Western Ghats where 
it is from 1000 to 1300 m. rising in places to over 
2400 m. Between the Western Ghats and the Arabian 
Sea lies a narrow coastal strip, while between the 
Eastern Ghats and the Bay of Bengal there is broader 
coastal area. The southern point of the plateau is 
formed by the Nilgiri hills where the Eastern and 
Western Ghats meet. The Anaimalai and the Cardamom 
Hills lying further south may be regarded as a con¬ 
tinuation of the Western Ghats. 

3.4.2 The surface of the plateau has been deeplx 
dissected by river erosion. In the north-west, the 
Narmada occupies the trough between the Satpura 
and the Vindhya ranges, the Tapi the trough between 
Satpura and Ajanta ranges, both the rivers emptying 
into the. Arabian sea. North of the Vindhva runge, the 
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drainage is almost entirely to the Ganga. South of the 
Ajanta range and the central highlands the general 
easterly slope of the plateau is reflected in the di¬ 
rection of the rivers with the Western Ghats forming 
the main water-parting. The Godavari, the Krishna 
and the Cauveri rivers with many of their tributaries 
take their rise on the eastern slope of the Western 
Ghats and flow towards the Bay of Bengal. The 
Mahanadi, the Brahmani, the Baitarani and the 
Subaranrekha which drain the north eastern part of 
the plateau also find their way to the Bay of Bengal. 
In general the course of the east flow ing rivers through 
the Eastern Ghats is marked by a stretch of rapids. 
The upper reaches of all these rivers, particularly 
the ones which flow from the Eastern Ghats west¬ 
wards into the Godavari, and the reaches where the 
east flowing rivers of the plateau break through the 
Eastern Ghats provide considerable scope for hydro¬ 
electric development. 

3.4.3 Ihe west flowing rivers of the Western 
Ghats north of Goa have a steep course and provide 
no fac ilities for storages necessary for hydro de¬ 
velopment on a dependable basis. However, the major 
west flowing rivers south of Goa, run alnfost parallel 
to the range at general elevations of about 450 to 
600 m. and cut through the W'estern Ghats in a series 
of rapids or falls before they flow into the Arabian 
Sea. These constitute ideal sites for cheap high-head 
hydro electric development. 

3.4.4 The hilly region of Central Assam, com¬ 
prising the Shillong Plateau and the Mikir Hills, is 
an outlying part of the Peninsular India, connected to 
it by a submerged hill under the Rajmahal gap, through 
which the Ganges and the Brahmaputra find their 
outlets to the sea. The Shillong plateau is at a 
general elevation of 1500 to 1800 metres and is sub¬ 
ject to the heaviest rainfall in the world. The northern 
face of the plateau is drained by rivers flowing into 
the Brahmaputra and the southern face by the tri¬ 
butaries of the Surma. These rivers have facilities for 
storage in the plateau region and their steep courses 
provide attractive sites for high and medium head 
hydro-eleetric development. 

4. GEOLOGICAL STRUCTURE 

4.1 Geologically also, Tndia consists of the same 
three distinct units, namely, the Himalayas and their 
associated group of young-fold mountains, (he Indo- 
Gangetic plain and the ancient block ofthe Peninsula. 

4.2 The geological sequence in the Himalayas 
has been almost entirely marine and there is little 
doubt that the area now occupied by the great moun¬ 
tains was a deep sea till a late period in the geologi¬ 
cal history of the area. Much of the area is still very 
imperfectly known geologically, especially in the 
east, and some aspects of its history are still con¬ 
troversial. 


4.3 The (ndo-Gangetic plain is a macro-region of 
alluvium, the thickness of the alluvia! deposits not 
having been ascertained so far. Topographically the 
plains are remarkably homogeneous with little relief 
for hundred of kilometers. 

4.4 The Peninsula is a region of great geological 
stability and is remarkably immune from seismic 
disturbances of any intensity. The basal complex of 
the larger part of the Peninsula consists of liighlv 
metamorphosed rocks of the earliest periods. 

5. CLIMATE & RAINFALL 

5.1 The Indian Meteorological Department re¬ 
cognises four seasons: (i) the cold weather season 
(December-March), (ii) the hot weather season 
(April-May), (iii) the rainy season (south-west 
monsoon) (June-September); and (iv) the Season of 
the retreating south-west monsoon H)< tober-November). 

5.2 There are four broad climatic regions based 
on rainfall. Practically the whole of Assam and the 
West Coast of India lying west of the ridge of the 
Western Ghats and extending from north of Bombay 
to Trivandrum are areas of very heavy rainfall. In 
contrast to these, the Rajasthan desert extending to 
Kutch. and the high Ladakh plateau of Kashmir ex¬ 
tending westward to Gilgit are regions of low pre¬ 
cipitation. In between these areas at the extreme 
ends of the rainfall range are two areas of moderately 
high and low rainfall respectively. The former con¬ 
sists of a broad belt in the eastern part of the Pen¬ 
insula merging northward with the north India plains 
and southward with the eastern coastal plains. The 
latter comprises a bell extending from the Punjab 
plains across the Vindhya mountains into the western 
part of the Deccan, widening considetabK in the 
Mysore plateau. 

5.3 Each of the four seasons contributes to the 
rainfall pattern of the country, hut the most important 
from the view of point of general precipitation is the 
period front mid .June to September, when the South¬ 
west monsoon is most active and this period is uni¬ 
versally referred to as the monsoon season, lri 
practically all areas of the country, the rainfall in 
this period is more than 80T of the total for the year. 
The contributions of rainfall during the other three 
seasons are limited to certain areas and art of con¬ 
siderable importance to these areas. For instance, 
the rainfall during November and December caused 
by the North-east monsoon is limited to Madras and 
Andhra coasts and this is very important to these 
areas as they get very little contribution from the 
South-west monsoon being on the leeward side of 
the Western Ghats. 

5.4 The attached isohyetal map of India (Map No. 
3-1) shows the distribution of annual rainfall over the 
country. 
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6. RIVER SYSTEMS OF INDIA 

6.1 The entire drainage of the Himalayas and 
associated mountains flows through the Indus and 
the Ganga-Brahmaputra River systems. The Peninsula 
is drained to the north by the southern tributaries of 
the Ganga, to the east mainly by the Cauvery, the 
Krishna, the Godavari, the Mahanadi, the Brahmani, 
the Baitarani and the Subarnarekha and to the west 
by the Mahi, the Narmada, the Tapi and a large 
number of smaller West-Flowing rivers draining the 
Western Ghats. The Narmada on the west, and the 
Krishna, the Godavari and the Mahanadi on the east, 
account for the bulk of the drainage of the Peninsula- 
The rivers of India have been estimated to drain ap¬ 
proximately 1,670 billion cubic-metres (1,356 million 
acre-ft.), on an average, to the Arabian sea and the 
Bay of Bengal. 

6.2 The general pattern of stream-flow is similar 
all over the country, characterised by a short spell 
of heavy river discharges during the monsoon period, 
followed by long periods of lean flow. Except in the 
case of the Himalayan rivers, where snow storages 
and glacier melts contribute significantly to the 
post-monsoon river discharges, the bulk of the dry- 
weather flow of the rivers of India are derived from 
ground water storages. The total quantity of dry- 
weather flow is, therefore, dependant both on the 
strength of the monsoon, and the river basin char¬ 
acteristics, dry-weather flow following the usual 
decrement pattern of ground water flows. The flows 
of most Peninsular livers, dwindle down to a trickle 
in the pre-monsoon me nths of* April, May and June. 
For example, the flows of the main Godavari river 
have been observed to fall as low as 8.5 cubic 
metre per second (300 cusecs) from its entire 284,900 
sq. kilometre (110,000 sq. miles) drainage basin. 
Variations of mean monthly flow of the order of 1 to 
300 are not uncommon for even large rivers of the 
region such as the Narmada. With such large vari¬ 
ations in flow, hydro-electric developments of these 
rivers can. only be contemplated on the basis of large 
storage reservoirs. 

6.3 The fact that the Himalayan rivers, unlike 
the Peninsula rivers, carry large discharges even 
during the critical winter and pre-monsoon months, 
however, permit construction of hydro-electric plants 
which can rely on the unregulated flows of these 
rivers. These flows vary considerably depending upon 
the extent of the catchment, the precipitation pattern 
and to a large extent on the type of terrain and 
vegetation. It has generally been observed that the 
dry-weather flows of Himalayan rivers tend to in¬ 
crease towards the east, the flows of the Assam 
rivers being the highest - attributable to the heavy 
and prolonged precipitation over the Assam Himalayas, 
the well forested nature of the terrain and lower 
latitudes. 

6.4 From the point of view of hydro power poten¬ 
tial, the river systems of the country are best studied 


under the following classification which takes into 
account, the associated, orographic and hydrological 
features: 

(a) The west flowing rivers of southern 
India, covering the Western Ghats and 
the narrow coastal strip from Goa to 
the Cape. 

(b) The east flowing rivers of southern 
India, covering the drainage systems 
of the Deccan. 

(c) The rivers of Central India, covering the 
rest of the drainage of the Peninsula 
south of the Vindhy'as, which Row both 
to the east and to the west. 

(d) The Ganga basin, including its Himalayan 
and Peninsular tributaries. 

(e) The Brahmaputra basin and neighbouring 
drainage areas in Assam and Manipur, 
and 

(f) The Indus basin, covering the tributaries 
of the Indus in India. 

7. HYDRO-ELECTRIC POTENTIAL 

7.1 West Flowing Rivers of Southern India. 

7.1.1 The western face of the Western Ghats 
rises steeply from the narrow coaftal plains, which 
at some places is only a few kilometres wide and rarely 
exceeds 60 kilometres in width. The heaviest pre¬ 
cipitation from the south west monsoon occurs in the 
general neighbourhood of the dividing range and is 
drained either eastward across the Deccan plateau to 
the Bay of Bengal or westward in swift mountain tor¬ 
rent to the Arabian Sea. The runoffs of both the 
east flowing (e.g. existing Tata Hydro and the Koyna 
stations in Maharashtra) and the weBt flowing streams 
(e g. existing Jog Station in Mysore and the Pal- 
livasal, Sengulam. Poringalkuthu and Neriamangalam 
stations in Kerala) can be utilised for power genera¬ 
tion at the high heads available*on the western face. 
The utilisation of the east flowing rivers by westward 
diversion depends on the unified developments of 
these rivers and as such they are considered with the 
east flowing rivers. The west flowing rivers of the 
Western Ghats north of Goa have a steep course and 
do not offer facilities for any storage. Consequently, 
power generation on these rivers is not possible on a 
dependable basis. However, almost all the major 
west flowing rivers south of Goa flow fairly level 
parallel to the ridge at a general elevation of 450 to 
600 m. in their upper reaches where it is possible to 
provide adequate regulation with relatively small 
dams. Even though the catchment areas that are com¬ 
manded by these regulatory works are small, because 
of the heavy precipitation and the high heads that can 
be developed with relatively short stretches of water 
conductor systems, these constitute major sources of 
cheap hydro developments in the country. The total 
potential of these rivers has been estimated at 4.35 
million kW at 60% load factor (corresponding to about 
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123 TWh annual output). One important feature of 
these sources is that they do not clash with other 
priority uses of water as irrigation in Lhe narrow 
coastal plains is limited. Viap No, 3-2 attached indi¬ 
cates the details of these potentials. 

7.2 East Flowing Rivers ol Southern India. 

7.2.1 The most important east flowing rivers in 
southern India from the point of power development 
are the Godavari, the Krishna arid the Cauvery. These 
rivers, excepting some of the tributaries of the 
Godavari, take then rise in the Western Ghats and 
traverse almost the full width of tile Deccan plateau 
to fall into the Ha) of Bengal. They command con¬ 
siderable irrigation potential and plans for power 
development have to be integrated with develop¬ 
ment of irrigation. For instance, there are a number 
of possibilities of storing the waters of tributaries 
of the Godavari and the Krishna in the upper reaches 
in Western Ghats arid diverting them westwards where 
they can be utilised for power generation at heads of 
450 to 600 m. At present, plans to use the waters of 
these rivers for irrigation along their natural courses 
are under consideration and westward diversion be¬ 
yond what is used fit the lata Hydro and Koyna 
Stations can be considered orilv after these studies 
tire completed, l he power potentials of these rivers 
are restricted to that corresponding to using of the 
waters, reserved for irrigation developments in the 
lower reaches of the river. There are a few possibili¬ 
ties of high head development on the tributaries of 
the Cauvcry. which take their rise at elevations of 
over 2000 in. in the Nilgiri Hills and descend rapidly 
to elevations of 500 m. These have been developed 
to a substantial degree by the Madras State. 

7.2.2 The Godavari lias three important tribu¬ 
taries, viz. the Franliiia, the Indravati and the 

Subari which join it before it breaks through the 

Fastern Ghats to join the 13av of Bengal, lhe Pran- 
hita takes its rise in the Maikal Range and Mahadeo 
Mills of the Central Plateau and drains a large 

catchment area. The Indravati and the Sabari take 
their rise on the western slopes of Eastern Ghats 
and flow westwards to join the Godavari. These 
rivers have very little irrigation potential and their 
sizeable discharges are much in excess of what can 
be used for irrigation in the lower reaches of the 
Godavari River. Consequently, these rivers can be 
developed purely in the interest of power generation. 
Further, the regulated discharges from these develop¬ 
ments can be used along the course of the Godavari 
through the Eastern Ghats for power generation. These 
with a potential of about 6 million kW at 60% load 
factor (.32 TWh annual output) constitute a major and 
important source of hydro development in this region. 

7.2.3 lhe total firm power potential of the East 
Flowing Rivers of Southern India has been assessed 
at 8.63 million kW at 60% load factor (corresponding 


to about 45 TWh annual output). The location and 
potential of the various sites are indicated in Map 
No. 3-3. 

7.3 Rivers of Central India. 

7.3.1 Among the rivers that drain the Central 
Plateau into the Arabian Sea and the Bay of Bengal, 
the most important ones from the point of view of 
power development are the Baitarani, the Brahmani 
and the Mahanadi. The power development of these 
rivers are to be co-ordinated with the irrigation de¬ 
velopment and they depend mainly on the storage 
capacity that would be available after allowing for 
irrigation and flood control requirements. 

7.3.2 In the. Baitarani and the Brahmani basins, 
the power potentials are concentrated in the upper 
reaches, where the irrigation possibilities appear to 
be negligible. Hence, the hydro-electric developments 
in these basins can be undertaken purely in the in¬ 
terest of power. The regulated discharges from the 
power schemes can be used for irrigation in the large 
command available in the lower reaches of these 
river basins and this would add to the economic 
soundness of power development. 

7.3. 3 The Mahanadi, one of the major rivers of 
India, runs through relatively flat country in its upper 
reaches and there are practically no sites for major 
power development. In its middle and lower reaches 
it cuts through the Eastern Ghats where construction 
of dams for storage and development of the river for 
irrigation and power are possible. Hirakud Project 
nearing completion in Orissa marks the beginning 
of the unified development of this valley for irriga¬ 
tion, power generation and flood control. 

7.3.4 By far the greatest concentration of hydro 
power in this group is in the middle and lower reaches 
of Nartnada, where the river flows alternately through 
plains and narrow gorges in a trough between the 
Vindhya and Satpura Ranges. Here with the main 
regulation provided at a dumsite near PunaSsa vil¬ 
lage and at a few upstream power developments, it 
will be possible to generate nearly 1.6 million kW 
at 60% load factor (corresponding to 8.4 TWh annual 
output) at Punassa Dam and a cascade of two or 
three power stations do wnstreain. 

7.3.5 The total power potential of this group of 
rivers has been estimated at about 4.3 million kW at 
60% load factor (corresponding to 23 TWh annual 
output). The details of these potentials are shown 
in Map No. 3-4. 

7.4 The Ganga Basin. 

7.4.1 The Ganga basin constitutes the largest 
river system in the country and is formed by the 
rivers which drain the Great Himalayan Range on the 
north - viz. the Yamuna, the Upper Ganga, the Gogra, 
the Gandak and the Kosi and those rivers that drain 
the northern part of the Central Plateau - viz. the 
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Chamlmi, the Belwa, the Ken. the Tons and the Sone. 

7.4.2 1'he hydro-potential of the southern tribu¬ 
taries are concentrated in their upper reaches before 
they flow from the Peninsular plateau into the plains, 
the most important ones being in the Sone Valley. 

7.4.3 In the case of the Himalayan rivers, as 
with the other rivers of the country, firm power po¬ 
tentials depend critically on the extent of regulation 
of rivei flows possible with reservoirs, though major 
possibilities of run-of-the-river developments also 
exist, in view of their relatively large minimum un¬ 
controlled discharges. Apart from a few sites in the 
foot hills of the Himalayan Range, such as at Bhakra, 
the general topography excludes possibilities of 
very large storages, the valleys being steep and 
narrow Bams of the order of 16(4-200 m. (500 to 600 
feet) above bed level, have to be envisaged to pro¬ 
vide storage to any appreciable extent, and these 
arc feasible only at a few favourable gorge sites. 
However, large snow-fed catchment areas ensure 
high runoffs in all except the worst winter months 
and consequently, wherever storage developments 
appear feasible, even comparatively small storages 
would increase the power draft considerably above 
the minimum winter discharges, large as they are. 
Not onlv do these discharges constitute large power 
potentials at the dam-sites, but they invariably 
enable better utilisation of the drops below the point 
of regulation. In general, the enormous power po¬ 
tentials afforded clearly outweigh difficulties such 
as those of access to the sites, etc. It is important 
to note that even these storages provided by high 
dams being of limited capacity cannot generally en¬ 
sure full utilisation of the runoffs even of minimum 
years. 

7.4.4 Run-of-the-river projects on the Himalayan 
rivers have been considered on the basis of the 
minimum discharges that can be expected during the 
winter months. Consideration has been given only 
to major possibilities of high-head schemes in the 
precipitous middle reaches, and the medium-head 
schemes in the lower reaches, where the gradients 
are gentler, but higher minimum discharges can be 
expected. It is believed that the scope for economic 
developments of smaller scale run-of-the-river pro¬ 
jects not considered is small relative to the po¬ 
tentials 4 the larger schemes. 

7.1 5 The In dro potential of the Ganga basin has 
been e*i mated at about 13.1 million kW at 60% load 
fat to ',i: ■mil 69 TWh annual output) of which about 
4.8 milieu (about 25 rih annual output) is within 
India, and 1.542 million kW (8 TWh) lie on the border 
between India and Nepal. The details of these po¬ 
tentials are shown in the Map No. 3-5. 


7.5 Brahmaputra basin and other rivers of Assam, 
Manipur and Tripura. 

7.5.1 There are practically no possibilities of 
providing storages on the Himalayan tributaries of 
the Brahmaputra. However, the large dependable 
discharges of the Bihang (as Brahmaputra is called 
in its course through the Himalayas) and its two 
major tributaries, the i. uhit and the Bibang, contri¬ 
buted by the snow covered catchments that they 
drain, and the steep course that these rivets traverse 
through the Himalayas constitute some of the major 
possibilities of run-of-the-river developments in the 
world. The southern tributaries of the Brahmaputra 
drain the northern face of the Shillong Plateau which 
slopes gently with intermittant steep stretches to¬ 
wards the Brahmaputra plains. There are attractive 
possibilities of high and medium head hydro de¬ 
velopments on these rivers. The southern face of the 
Shillong Plateau is drained by rivers which forms 
tributaries of the Surma. These have a flat course 
in their upper reaches providing facilities for storage. 
In their middle reaches they flow into the Surma in 
a series of rapids and falls, dropping rapidly in ele¬ 
vation by about 1300 m. Even though the catchment 
areas above the level stretches of these rivers in 
their upper reaches are small, because of the high 
rainfall (highest in the world) that this area is sub¬ 
jected to and the high heads that can be developed on 
these rivers with short stretches of water conductor 
systems, major hydro-electric development are pos¬ 
sible on these rivers. Barak and Manipui Rivers 
in the Manipur State have important possibilities of 
hydro-electric developments. Since irrigation pos¬ 
sibilities in this region are practically negligible, 
these hydro-electric resources are of the single 
purpose type and can be developed in the interest of 
their power potentials only. The total power po¬ 
tential of this group is estimated at. about 13.4 mil¬ 
lion kW at 60% load factor (about 70 TWh annual 
output) out of which 12,5 million kW (about 65 TWh 
annual output) is in India and constitutes the greatest 
concentration hydro resources in the country. The 
details of the hydro-electric potential of this region 
are shown in the Map No. 3-6 

7.6 The Indus Basin. 

7.6.1 The hydro-electric survey conducted bv the 
C. W.&.P.C. covers only the portion of the Indus 
Basin which lies within the territorial limits of the 
Indian Union. The waters of Indus basin (Indus and 
its five tributaries Jhelum, Chenab, Ravi. Beas and 
Sutlej) are being used extensively for irrigation in 
India and Pakistan and the question of further de¬ 
velopment of the water resources of the Indus basin 
has been settled between India and Pakistan under 
the Indus Water Treaty. The power potentials of the 
rivers of this basin have therefore b - cn studied on 
the basis of the allocation of waters and storages as 
outlined in the Indus Water Treaty and present and 
future patterns of irrigation. 
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7.6.2 The upper reaches of Indus River are re¬ 
mote and relatively inaccessible. Possibilities of 
major hydro development in these mountainous and 
snow-bound ranges have not been considered in this 
assessment of the practical limit of utilisable hydro 
power potential. The most important tributary from 
the point of view of hydro potential is the Chenab 
which drops about 2500 m. in its middle stretch of 
300 km. Its minimum discharges augmented by a 
storage reservoir in its upper reaches can be utilised 
at a total head of about 1800 m. to generate about 
3.25 million kW. at 60% loud factor (17 TWh annual 
production). Unified development of the Beas and the 
Sutlej, of which the Bhakra-Nangal Project marks the 
beginning, is estimated to yield about 2.35 million 
kW at 60% load factor (12 TWh annual output), be¬ 
sides providing waters for irrigating extensive 
areas in Punjab, and Rajasthan. There are important 
possibilities on Jhclum River also which can con¬ 
tribute about 800,000 kW at 60% load factor (4 TWh 
annual output), to the potential of the Indus Basin. 

7.6.3 Thus, Indus Basin with the limitations on 
storage and its water uses has a total potential of 
about 6.6 million kW at 60% load factor (corresponding 
to 35 TWh annual output). These potential resources 
are indicated in Map No. 3-7 

8 RESULTS AND CONCLUSIONS 

8.1 On the basis of about 260 existing and pos¬ 
sible schemes the economically utilisable power 
potential of the various river basins covered under 
the preliminary hydro-electric survey of the C.W. 
& P.C. has been estimated at 50.346 million kW at 
60% load factor (264 TWh annual production). Of 
these, 8.42 miilion kilowatts (44 TWh annual output) 
representing the potential of the Kosi, the Karnali, 
the Gandak and the Tista basins lie just beyond the 
boundaries of India in Nepal and Sikkim. A further 
1.542 million kW (8 TWh annual output) lies on the 
Sarda River, which forms the boundaries between 
India and Nepal. Assuming that half of the potential 
of the Sarda would be available to India, the eco¬ 
nomically utilisable hydro power potential of the 
territories of the Indian Union aggregate to 41.155 
million kW at 60% load factor (corresponding to about 
216 TWh annual output). The location and the magni¬ 
tudes of these resources are shown on the accompany¬ 
ing Map No. 3-8. The basin-wise and state-wise dis¬ 
tribution of the hydro-electric potential of India is 
given in Annex’s Supplement, Tables 3-4 & 3/5. 

8.2 Of the country’s total power potential, about 

10.3 million kW (54 TWh) represents potential of 
simple “run-of-the-river type projects” in the 
Himalayan ranges and the rest of ‘‘storage projects”. 
Again, “high head” type projects - utilising drops 
over 300 m. (1,000 ft.) - account for about 13.63 mil¬ 
lion kW (71 TWh); “medium-head” projects - in a 
head range from 30 to 300 m. (100 ft. to 1,000 ft.) ac¬ 
count for 23.86 miilion kW (126 TWh) the bulk of the 


total; and “low-head projects” ranging from 8 to 30 
m. (25 ft. to 100 ft.), mainly comprising “lift” dams 
below the major reservoirs, form the .smallest cate¬ 
gory with a total of about 3.66 million kW (19 TWh). 

8.3 These hydro-electric resources, it would be 
seen from Map No. 3-8, are fairly evenly dis¬ 
tributed all over the country, there being few regions 
of the country which are situated more than 500 km 
from major concentrations of hydro power. The bulk 
of the utilisable power potential of the Himalayan 
rivers are located along the foot hills, and distri¬ 
buted as they are, command the entire Indo-Gangetic 
and Brahmaputra plains. Outside the region of in¬ 
fluence of these Himalayan sources and that of the 
Shillong Plateau of Assam, the most important con¬ 
centration of potential hydro power lies in the Eastern 
Ghat Hills with an aggregate potential of 6.148 mil¬ 
lion kW (32 TWh). The Western Ghat region has three 
main concentrations, viz. about 0.7 million kW (3.5 
TWh) located in Maharashtra, north of Goa, 2.695 
million kW (14 TWh) to the northwest of Mysore State 
and about 2.09 million kW (11 TWh) in the Nilgiri 
and Anamalai hills in Madras, Kerala and Mysore. 
Besides these schemes which largely utilise the natu¬ 
ral advantages of the main mountain ranges, there are 
a number of schemes in the middle and lower reaches 
of the river basins deriving their potentials from top¬ 
ographic characteristics which permit construction of 
very large reservoirs capable of regulating the enor¬ 
mous flows of these rivers for utilisation at a cascade 
of power stations located below the points of regula¬ 
tion. Developments on the Narmuda in Madhya Pradesh, 
Maharashtra and Gujarat, the Chambal in Madhya 
Pradesh and Rajasthan, the Mahanadi in Orissa, the 
Sone in Madhya Pradesh and Uttar Pradesh aud the 
Godavari in Maharashtra, Madhya Pradesh, Orissa and 
Andhra fall in this category. 

8.4 The assessment of power potential made by 
the C.W. & P.C. during the period from 1953 to 1958 
have been well confirmed by subsequent detailed in¬ 
vestigations of a large number of schemes by Central 
and State authorities in different States of the country. 
In all cases, the practical feasibility of the schemes 
as outlined under the survey was confirmed and the 
estimates of water and power potential substantiated. 
The main features of the schemes, such as location 
of the dam, alignment of water conductor system and 
power stations have emerged, after detailed investi¬ 
gations substantially as outlined in the survey reports. 
Schemes which are currently in operation, under con¬ 
struction and whose investigations have been com¬ 
pleted cover a total potential of about 11.6 million kW 
at 60% load factor (61 TWh annual output). Of 'In- 
country’s remaining potential of 29.6 million kW (155 
TWh) which has yet to be established by field investi¬ 
gations, about 9.7 million kW (51 TWh) represents the 
potential of “run-of-the-river type projects” which 
involve construction of mere diversion structures, 
with tunnels forming their water conductor system. 
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Their practical feasibility depends more on the de¬ 
pendable power draft that can be expected, since the 
civil works, being of a simple nature are relatively 
free from the practical difficulties inherent in large 
storage type projects. The dependable power drafts 
for these “run-of-the-river type projects” have been 
estimated on the basis of gauged data available for 
the Himalayan rivers for fairly long periods. The 
potential of these ‘‘run-of-the-river type projects” 
aggregating to 9.7 million kW (51 TWh) does not therer 
fore require extensive investigations for their proof. 
Thus schemes with a total potential of about 20 million 
kW (115 TWh) have to be investigated in detail for 
final substantiation. On the basis of experiences that 
have been gathered of similar schemes in neighbour¬ 
ing regions the inference can be confidently drawn 
that even these potentialities would be found to be 
capable of comparatively easy development when de¬ 
mands arise for their large outputs. 

8.5 The scope for possible upward revision of 
these estimates of power potential is confined almost 
entirely to the Himalayan region of the country. This 
is because in the Peninula region the assessment has 
already been made on the basis of utilising almost 
the entire average flows of the rivers available for 
power generation, at the full drops capable of devel¬ 
opment below the points of regulation. This applies 
also to the Shillong plateau of Assam and its environs. 
In these areas, which contain about 23 million kW 
(121 TWh annual output) of the total hydro resources, 
the estimates of potential of hydro power would there¬ 
fore only lie capable of slight marginal adjustments in 
future. In (he Himalayas there are certain river basins, 
e.g., the Gandak, the Upper Subansiri, the Amo, the 
Raidak, the Manas etc. which have not been studied, 
since topographical maps of the required accuracy 
were not available. It is possible that these basins 
would also have significant power potentialities, but 
since they lie in Nepal and Bhutan they would not 
affect the assessment of India’s total power potential. 
In Indian territory of Himalayas, upward assessment 
of power estimates would depend and only on the basis 
of further degree of regulation of river flow at selected 
sites, since the current survey has exhaustively 
covered all potentialities for major run-of-the-river 
type schemes - the only feasible method of harnessing 
the potentialities of Himalayan rivers in their upper 
and middle reaches. In most cases, the increases in 
power potential by providing larger reservoirs than 
that proposed under the survey would not be very 
large, since the total drop capable of use under these 
schemes is only of the order of 300 m. Since the 
present estimates have been based on construction of 
the dams of the order of 180 m. in height across the 
narrow gorges in the foot hills of the Himalayas it 
would be appreciated that while some upward revisions 
are, of course, possible, by increasing the height of 
dams, they would not constitute any major additions. 


8.6 The above estimates take into account only 
the energy potential that would be available on a 
firm basis for nearly all the time and does not in¬ 
clude the seasonal energy that would be available 
at various sites and which can either be “finned up” 
or sold to interested consumers at cheap rates. In 
Peninsular India, such seasonal energy would be 
available at sites which can be developed for multi¬ 
purpose benefits, the magnitude being small com¬ 
pared to the total dependable resources of this area. 
In the case of Himalayan rivers, where the river 
flows are considerable during most part of the year, 
and where firm potentials have been worked out on 
the basis of dependable discharges during the winter 
months, such seasonal energy would be available in 
large amounts during all but winter months at all the 
proposed sites for power development. It is not pos¬ 
sible to estimate at this stage as to how much of 
this energy can be “finned up” or used. However, it 
would be appreciated that the cost of energy production 
at these sites would be reduced to the extent the 
secondary energy can be used. 

8.7 An economic appraisal of the Country’s hydel 
resources is considerably influenced by construction 
costs and other variable economic factors at the time 
of assessment which need very careful and extensive 
study. These complexities are further increased where 
generation of hydel power forms the part of a multi¬ 
ple-purpose development. For the purpose of this 
survey, the economics of hydel development have 
been examined both in the context of prevailing 
yardsticks and foreseeable future trends, bearing in 
mind the comparison of the cost of energy production 
by alternative sources, e.g., thermal and nuclear 
power. The cost of hydro energy production, on the 
basis of annual charges at 7.5% works out to roughly 
1.5 n P per unit per Rs. 1000 of capital outlay per 
kW of firm power at the normal annual system load 
factor at 60%. During the period from 1900 to 1950, 
the capital outlays on various hydro schemes con¬ 
structed, varied from about Rs. 600 per kW of firm 
power at the Tatas Hydro Stations of Bombay to 
about Rs. 900 per kW at Jogindernagar, the cost of 
other schemes, e.g., Pykara and Moyar of Madras, 
Palivasal and Sengulam of Kerala and Jog of Mysore 
falling within this range. The cost of energy pro¬ 
duction from these schemes constructed at the low 
cost levels of the early decades of the century 
ranged from about 0.9 np per unit at the Tata and 
Jog Stations to about 1.35 np at Jogindernagar. 

8.8 During the period from 1950-1960 there has 
been considerable increase in the activities in the 
field of hydel generation, witnessing construction 
of a large number of schemes both single-purpose 
and multi-purpose. It would be seen from Table 3-6 
that the capital cost of single-purpose schemes 
currently under implementation would range from 
about Rs. 915 per kW of firm power at Sharavathi to 
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Map 3-2 
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Map 3-7 INDUS BASIN 
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about Rs. 1,750 per kW at Riband, the representative 
average being about Rs. 1200 per kW. The cor¬ 
responding range of cost of energy production varies 
from about 1.4 n P to about 2.6 n P per kWh, the 
representative average being 1.8 n P per unit.* If 
the < ommon costs of storage are allocated to the 
benefits conferred on other projects and other fields, 
like the irrigation, the above costs would be cor¬ 
respondingly reduced. The capital cost associated 
with multipurpose projects including common costs 
allocated to power are higher than those of single- 
purpose projects, mainly because they are con- 
strucied at sites more suitable from the point of 
view of multi-purpose development. A study of the 
relative economics of schemes constructed prior to 
1950 and those implemented during the last decade 
indicates that the prevailing range of capital cost 
per kW of firm power of single-benefit power schemes 
appears very favourable even with the cost levels of 
earli.-r decades notwithstanding the substantial in¬ 
creases in construction cost in the intervening 
period. This is mainly attributed to the small magni¬ 
tude-. of the earlier schemes, when the “intrinsically 
more economic hydel resources - constituted by the 
larger schemes - could not be implemented. The 
othei conclusion of importance is that, contradictory 
of common notion, capital investment associated with 
the power aspect of multipurpose scheme would be 
substantially higher than those of single-purpose 
schemes even in cases where the entire costs are 
charged to power. This is important to note since the 
C.W & P C.’s hydro-electric survey has indicated 
that the bulk of future hydel development in the 
country would be derived from single - benefit hydel 


power projects. The high costs of multi-purpose 
projects is attributable to the fact that, basically, 
the multi-purpose schemes, unlike purely power pro¬ 
jects, are not located at sites where they afford the 
best economy from the point of view of power po¬ 
tential but represent compromise solutions with the 
often conflicting considerations of flood control and 
irrigation. 

* The average cost of hydro power production 
have been arrived at, following the principle at pre¬ 
sent in vogue in India and as set out in Indian 
Electricity (Supply) Act. The Interest charges are 
assumed at prevailing market rates for raising capi¬ 
tal. Charges for depreciation have been calculated 
on the basis of a compound interest rate of 3 per 
cent per annum, as directed in the Indian Electricity 
(Supply) Act. The question of gross return on the 
capital from all round considerations is currently 
under examination by a Electricity Price Policy 
Committee appointed by the Planning Commission 
and their report may be awaited. However, if a re¬ 
turn of 10% on capital before taxes is to be realised, 
then the prices of hydro energy at power station 
busbars will vary between 1.9 np to 3.5 n P per 
kWh, the representative average being 2 5 up, j )er 
kWh In arriving at these figures the charges for de¬ 
preciation have been adjusted suitably for 10% return. 
Also, relatively speaking, the magnitudes of common 
civil works and associated expenditure, m the case 
of multi-purpose schemes are very large compared 
with their power benefits and even the direct charges 
associated with the low-head type development - 
characteristic of multi-purpose schemes - are high. 
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ANNEX 3 SUPPLEMENT 
A Short History and Present Status off 
Hydro-Electric Development in India 


1. Early Developments. 

Hydro-electric development was initiated in 
India in 1897 with a small run-of-the-river scheme 
near Darjeeling. The first major hydro-development 
was the construction in 1902 of the Sivasamudram 
Hydro-electric Scheme, with an installed ca¬ 
pacity of 4500 kW undertaken by the State of 
Mys ore primarily for the supply of power to the gold 
mines at Kolar. This was followed by the Khopoli 
Hydro-electric scheme in 1914, with an installed 
capacity of 50,000 kW This scheme was developed 
by latas, the pioneering industrial magnates of the 
country, for distribution of power to the metropolitan 
areas of Bombay and Poona. 

2. Pie-Independence Era. 

There was a spurt in industrial and other de¬ 
velopmental activities in the country, shortly after 
the first World War and power development kept pace 
with these activities. The Tatas followed their 
Khopoli Hydro-electric Scheme with the Bhivpuri 
Hydro Scheme (72,000 kW) in 1920 and the Bhira 
Scheme (110,000 kW) in 1927. This power was mainly 
intended to meet the demands of textile and other 
industrial users, for electric traction and domestic 
demands in the city of Bombay. In the State of Mysore 
the installed capacity of Sivasamudram Power Station 
was increased to 42,000 kW and the Shimsha Hydel 
Scheme was implemented with an installed capacity 
of 17,200 kW. During this period between the two 
World Wars, some of the Provinces and Princely 
States in the country, viz. Punjab, United Provinces 
(present Uttar Pradesh), Madras and Travancore 
(present Kerala) took an interest in the field of 
power development and several state owned hydro¬ 
electric stations like Jogindernagar in the Punjab 
(48,000 kW), the Ganga Canal Power Stations in 
Uttar Pradesh (17,400 kW), Pykara (38,750 kW) and 
Mettur (30,000 kW) in the Madras State and the 
Pallivasal Scheme in Travancore (13,500 kW), were 
commissioned. These developments necessitated 
construction of long high-voltage transmission lines 


to convey the power to important load centres. In 
some States like Madras and Mysore, advantage was 
taken of these power systems to extend benefits of 
electricity to as large an area as possible and em¬ 
bark on programmes of rural electrification. 

Hydro-el ectric installations increased from 
about 74,000 kW in 1920 to about 470,000 kW in 
1940. It is important to observe here that thermal 
and diesel electric installations registered greater 
progress during this period. Steam electric plant in¬ 
creased from 49,245 kW to 624,152 kW and diesel 
plant from 6,320 to 115,291 kW. Extensive use of 
thermal generation in this period can be attributed 
to the facts that (i) the industrial ventures were 
limited, (ii) the main demands for power were still 
small and centred around the important cities far 
from the important hydro sources and (iii) the total 
demands for power were well below the range of 
economy of large hydel schemes. 

During the period 1940-47, very little progress 
was made in the field of power development due to 
the second World War. Only two hydro-electric in¬ 
stallations, viz. Papanasam (21,000 kW) in Madras 
und Jog (48,000 kW) in Mysore, were added in the 
Country during this period. 

3. Post-Independence Era. 

After the attainment of political independence 
in 1947, the Indian Government initiated a programme 
of planned development. The Central and State 
Governments embarked on several ambitious multiple- 
purpose projects to surmount the acute shortage of 
food in the Country and meet the pent-up power de¬ 
mands of the War years. Amongst these were the 
Damodar Valley development in the States of Bihar 
and West Bengal, the Bhakra-Nangal Project, in the 
State of Punjab with benefits extending to the neigh¬ 
bouring States of Rajasthan and Delhi, the Hirukud 
Dam Project in Orissa, the Chambal Valley Develop¬ 
ment in Madhya Pradesh and Rajasthan and the 
Tungabhudra Project in Andhra Pradesh and Mysore. 
A number of single-purpose hydro-electric develop- 
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ments were also undertaken in various parts of the 
Country. The country-wide demands for power called 
for extension of grids to industrial and rural areas 
and as the magnitude of demands increased, hydro 
with its inherent economy attracted the attention of 
the authorities in charge of power development. 
Further, conservation of our limited resources of 
high grade coal became necessary and transportation 
of low grade coals over long distances became more 
expensive and also difficult. This resulted in con¬ 
siderable expansion of hydro during the post-inde¬ 
pendence period. 

Hydro development has made significant 
progress registering an increase in installed capacity 


from 0.5 million kW in 1947 to 2.6 million kW in 
1963, and contributing at present nearly 50% to the 
total electrical energy generation in the Country. 
Several hydro projects are under construction and it 
is expected that the installed capacity will increase 
to over 5 million kW at the end of the Third Plan 
Period. The hydro projects completed during the 
First and the Second Five-Year Plan Periods and the 
first two years of the Third Five-Year Plan period 
are listed in Table 3-1, Table 3-2 gives the salient 
features of all important hydro installation^ in the 
Country. The pattern of energy generation during 
1961-62 in some of the important hydro stations is 
indicated in Table 3-3. 
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ANNEX 3 - SUPPLEMENT 
TABLE 3-1 

HYDRO-ELECTRIC POWER STATIONS COMMISSIONED 
OURING THE FIRST AND SECOND PLANS AND THE 
FIRST TWO YEARS OF THIRO PUN. 


Name of Scheme 


No. 

FIRST PLAN 


1 


Nizamsagar (Andhra Pradesh) 


Instal led Capacity 
kW. 


15,000 


2. 

Machkund (Andhra Pradesh & Orissa) 

34,000 

3. 

Sengulam (Kerala) 

48,000 

4. 

Moyar (Madras) 

36,000 

5. 

Pykara Extensions (Madras) 

27,000 

6. 

Bhira Extensions (Tat as-Maharashtra) 

22,000 

7. 

Jog Extensions (Mysore) 

72,000 

8. 

Ganguwal (Punjab) 

48,000 

9. 

Pathri (Uttar Pradesh) 

20,000 

10. 

Sarda (Uttar Pradesh) 

41 .400 

SECOND PLAN 


1 . 

Machkund Extensions (Andhra Pradesh and Orissa) 

81,000 

2. 

Tungabhadra (Andhra Pradesh & Mysore) 

36.000 

3. 

Umtru (Assam) 

8,000 

4. 

Ma i t hon (0. V. C. -B i har) 

60,000 

5. 

Panchet Hi 11 (0 . V. C.-Bi har) 

40,000 

6. 

Por inga Ikuthu (Kerala) 

32,000 

7. 

Ner iamanga lam (Kerala) 

30,000 

8. 

Gandhisagar (Madhya Pradesh & Rajasthan) 

69,000 

9. 

Periyar (Madras) 

105,000 

10. 

Kundah (Madras) 

145.000 

1 1 . 

Tungabhadra Extensions (Mysore) 

9,000 

12. 

Hirakud (Orissa) 

123,000 

13. 

Kotla (Punjab) 

48,000 

14. 

Bhakra (Punjab) 

270,000 

THIRO 

PLAN 


1 . 

Kundah Extensions (Madras) 

35,000 

2. 

Tungabhadra Extensions (Mysore) 

9,000 

3. 

Koyna (Maharashtra) 

240,000 

4. 

Hirakud (Orissa) 

75,000 

5. 

Chipl ima-Hirakud (Orissa) 

72,000 

6. 

Ganguwal (Punjab) 

29,000 

7. 

Kotla (Punjab) 

29,000 


Bhakra Extensions (Punjab) 

180,000 

9. 

Mohora Extensions (Jammu & Kashmir) 

9,000 

10. 

Rihand (Uttar Pradesh) 

250,000 
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ANNEX 3 SUPPLEMENT 
TABLE 3-2 







SALIENT 

FEATURES 

OF EXISTING 

MA10R HTDRO STATIONS 

No. 

Ports r Station 

State 

Period 

of 

cons t r- 
uct ion. 

Particulars ot 
Dam „ Haight 

m v rr» ■ 

Dams & Reservoirs Details of Mater 

Height Effective Conductor 

at reservoir System, 

metre* capa&ity 

•Ullion coble 

metre* 

1. 

2 . 

3. 

4 . 

5. 

B. 

7. 

8. 

9. 

SINGLE PURPOSE SCHEMES: 







1. 

Pal ivasa 1 

Kerala 

1933-55 

(Kunda 1 a 
< 

( 

(Madupat ty 

26.2 

250 

7.6 

Tunnel 4.6 sq.m.i 
3120m. 1ong 





47 

244 

54 


2. 

Ssngn1 am 

Kerala 

1947-55 

- 

- 

- 

- 

Tunnel 6.7 sq.m.i 
3566 m. long 

3. 

Poringal - 
kuthu. 

-do- 

1948-60 

Por inga- 
1ku t hu 

26.2 

366 

32 

Tunne 1 13.5 sq.a.i 
1168m. long. 

4. 

Ne riamanga1 am 

-do- 

1 954- 




— 

Tunnel 11.1 sq.m.i 
3505 m. 

5. 

Pyka ra 

Mad ras 

1930-54 

(Mukurt1 
(Pyka ra 

29 

49 

1 62 

215 

51 ) 

57 ) 

Open f lume-2134 «. 
long 

6. 

Moya r 

-do - 

1948-54 

&tCfcaa£jS»i 

- 

- 

- 

Open t lume - 8839 ra. 

1 ong. 

7. 

Kundah 1 

-do 

1956- 

(Avalanche 
(Ena ra 1 d 

( 

(Uppe r 
(Bhavan r 

54.3 
57.9 

65.8 

366 ) 

323 ) 

332 

153 

86 

Tunna 1 7.4 sq. ra. 

* 4450 m. 1ong. 

8. 

Kundah 1 1 

-do - 

1958 

- 


- 

- 

Tunne 1 8.5 sq. m. x 
3851 m. long. 

9. 

Khopo 1 1 

Mahara¬ 

1910-20 

Lonav 1 a 

10.6 

906 

1358 

2316 

12 

72 

186 

Tunne 1 8.7 sq.m, x 
6965 is. long. 


shtra. 

Wa 1 whan 

Shi rawta 

21 .6 
28.3 

1 0. 

Bh1v pu r i 

-do¬ 

1916-22 

Thokewad r 

57.9 

572 

365 

Tunne 1 -7.6 sq.m.x 
2652 m. long. 

1 1. 

Bh i ra 

do 

1921-29 

Mu 1 sh r 

44.5 

1555 

524 

Tunnel-13.0 sq.m.i 
4770 m. 1ong. 

1 2. 

Koyna 

-do - 

1954 

Koyna 

97.5 

853 

2500 

Tunne 1 -32.5 sq.m.x 
3658 n. long. 

1 3. 

J og 

Mysore 

1940-52 

Hr rebhas- 
ga r . 

34.7 

350 

765 

Open f luma- 537 m. 
long. 

1 4. 

1og i nde r naga r 

Pun|a b 

1931-39 

- 

- 

- 

- 

Tunnel 

1 5. 

Rihand 

Uttar 

Pradesh 

1952-82 

Rihand 
(Pipr r ) 

82.3 

957 

9010 

Dam Power House 

1 6. 

Machkund 

0 r i s s e 
& Andhra 

1946-50 

la 1 a pu t 

52.7 

427 

890 

Tunne 1 12 sq.m.x 

1222 m. long. 


-1 B. 2 sq.m.x 
914m. long. 
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Average 

Energy 

F i rm 

Installed 


Gross 

potent ial 

energy 

capacity 


Head 

metre » 

correspo- 

potenr 

kl. 


nding to 

t ial 


R e m a r k s 


Eft. stora¬ 
ge capac i t y. 

10 6 k*h. 

1 0 6 kth. 



10. 

11 . 

12. 

13. 

14. 


610) 

) 


38,000 


) 

) 




) 

) 




) 

132 ) 

472 



) 

) 




360) 

) 


48,000 

Uses tailrace discharges at 

) 

) 



Pa 11ivasa I. P.H. 

181 

12.8 

70 

32,000 


198 

27.0 

142 

30,000 

Designed to use tai1 race waters 
of existing Pa 11ivasa 1 and 
Sengulam and Pannier under 
construction. Ultimate insta- 





1 led capac11y 45,000 kW. 

940 

224 

290 

70,000 


394 

94.5 

121 

36,000 

Uses tailrace discharges of 
Pykara P.H. 

343) 

) 


40,000 


) 

) 




) 

) 




) 

587 ) 

7 00 



) 

) 




753) 

) 


140,000 

Uses tai1 race waters of 

) 

V 



Kundah 1 P.H. 

526 

315 ) 

) 

) 

) 

42 3 ) 

) 


70,000 


524 

1200 

72,000 


506 

) 

587 ) 

) 


132,000 


488 

2710 

2150 

240,000 

Figures under columns 11 & 12 
correspond to ultimate condi- 
tions. Ultimate instal 1 ed 
capacity 540,000 kW. 

366 

620 

800 

120,000 


549 

- 

131 

48,000 

Run-o f-the - r i ve r project. 

69 

1360 

920 

250,000 


«60 

525 

730 

114,000 
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ANNEX 3 SUPPLEMENT 
TA8LE 3-2 (coni. ) 

SALIENT FEATURES OF EXISTING MAJOR HYDRO STATIONS 





Period 

Particulars of 

Oams g Rese r vo i r s 

Details of Wafer 

SI. 
NO. 

Powe r St a 1 1 on 

State 

o f 

const r 
uc tion 

Oam 

Height 

metres 

Height 
a t 

crest 

metre* 

Effect i ve 
teservoir 
capac 1 1 y 
million cubic 

metre* 

Conduc t o r 

System. 

1. 2. 3. 

MULTIPLE-PURPOSE SCHEMES: 

4. 

5. 

6. 

7 . 

8. 

9. 

' 

N i zamsaga r 

Andhra 

1923-37 

Ni zamsa- 
gar . 

48,2 

3155 

736 

Oam P.H. 

2. 

Tilaya 

Bihar 

1950-53 

Ti laya 

37.2 

366 

320 

Oam P.H. 

3. 

Ma 1 1 hon 

-do- 

1951-58 

Mait hon 

55.5 

(384 

(Cone t e t e 
(628 earth 

1150 

Underground PH. 

4. 

Panchet Hill 

-do- 

1952-59 

Panche t 

47.8 

(374 1325 

(Cone rete 
(2175 earth 

Oam P.H. 

5. 

Papanasam 

Madras 

1938-45 

Tamb ra- 
pa rn i 

65.6 

337 

158 


6. 

Met tur Oam 

-do- 

1927-37 

Me 11 u r - 

48.2 

3155 

2670 

Oam P.H. 

7. 

Periya r 

- do- 

1954-59 

Pe r i ya r 

46.3 

329.5 

283 

Tunnel 14.3 sq.m.x 

1 450 m. 1ong . 

8. 

9. 

10. 

Siva 

Shims ha 

Tungabhadra LB 

Mysore 

-do - 

-do- 

1902-38 

1940 

• 1945- ; 

f Kris hna- 
) rajasagar 

) 

) 

44.5 

2621 

1250 

Open channe1-5474 a. 

Open channel-9144 m. 

Oam P.H. 

11 . 

12. 

Tungabhadra R6 

Tungabhadra 
Canal . 

-do- 

-do- 

1945- ! 

1945- ! 

■ 

) 

l Tungebha- 
1 dr a 
) 

1 

I 

1 

49 

810 con¬ 
crete. 

1831 maso¬ 
nry. 

3735 

Oam. P H. 

Canal P.H. 

13. 

Hi rakud 

Or issa 

1948- 

Hirakud 

49 

4800* 

27.4 km 
dykes. 

5870 

Oam P.H. 

14. 

Ch i p 1 i ma 

- do - 

1948- 





27.4 km. 

Power channel 

15. 

8hak t a L. 8. 

Punjab 

1946 

8h a k t a 

225.6 

518 

660 

Oam P.H. 

16. 

Ganguwal 

-do- 

1946-55 

1962 

- 

- 

- 

- 

19 km. Power channel 

17. 

Kolia 

-do- 

1946-55 

- 

- 

- 

- 

1 1 kn. Powe r channe1 

18. 

Gandh i saga r 

M.P.4 

Rajas¬ 
than . 

1962 

Gandh i - 
saga r 

64.6 

512 

6300 

Oam P.H. 

NOTE: 

- As s t o rage capac r t y in 

the case of Multiputpose 

i Projects 

is used for all the benefits, energy 


potential corresponding to effective storagecapacity (col. II) will not represent any definite 
relationship. As such column II in the caseof multipurpose projects has been left blank. 
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Average 

Energy 

Fi rm 

Insta1 led 

Gross 

potentia1 

ene rgy 

capac i t y 

Head 

cor respo- 

po t e n - 

kW. 

metres 

nding to 

tia 1 



EM. stora¬ 
ge capacity 

in 6 kWh. 

10 8 kWh. 


10. 

1 i . 

12. 

13. 


19.5 

- 

26 

15,000 

19.5 ) 

) 

- 


4,000 

32.3 ) 

) 

) 

) 


80 

60,000 

24.0 ) 



40,000 

100 

- 

110* 

28,000 

16 to 

49 

- 

210* 

40,000 


385 

- 

550* 

1 05,000 

128 

- 

148 

42,000 

192 

- 

108 

17,000 

19.8 ) 

.. 


1 8,000) 

) 



) 

19.8 ) 

... 

168 

1 8,000) 

) 



) 

) 



) 

) 



) 

33.5 ) 

- 


18,000) 

) 



) 

28.8 

-- ) 


180,500 


) 




) 

1140 


26.5 

- ) 


48,000 


) 




) 



21.9 

- ) 




REMARKS 


14 . 


•Based on co-ordinated operation 
with other hydro stations (viz. 
Pykara, Boyar and Kundah) in the 
grid. Ultimate installed capa¬ 
city at Periyar - 140,000 kW. 


Benefits being shared by Andhra 
&Mysore. The ultimate capacity 
at Tungabhadra R.B. & Canal P.Hs. 
- 3B.OOO kW & 36.000 kW res¬ 
pective I y. 


Ultimate installed capacity- 
198.000 kW. 

Uses taiI race discharges of 
Hirakud P.H. Project under 
completion. Ultimate installed 
capacity - 96.000 kW. 


29.3 

29.3 

49.4 


) 

) 

) 

) 

) 

) 3200 

) 

) 

420 


265,000* 

450,000 


77,000) 

) 

77,000) 

92,000 


*At lowest head-ultimate installed 
capac i t y-when the R.B. power 
house is commissioned (615,000 kW 
at lowest head). 

Uses discharges from Bhakra. 


Ultimate installed capacity 
1 1 5,000 kW. 
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ANNEX 3 SUPPLEMFNT 
TABLE 3-3 


ACTUAL ANNUAL AND MONTHLY GENERATION AT MAJOR HYDRO STATION DURING 1981-B2. 
MONTHLY GENERATION AS A % OF ANNUAL GENERATION 

Name of Stat ion 




Total Annual 
gene ration 
in million 
kWh 

Apr i 1 

May 

June 

July 

August 

Saptamba r 

1 . 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

1 . 

Pal 1ivasal 

22B 

9.9 

8.2 

8.2 

7.2 

7.2 

7.5 

2. 

Sengu 1 am 

132 

13.2 

8.0 

6.0 

6.8 

4.8 

6.1 

3. 

Poringa 1 hut hu 

163 

7.6 

8.8 

8.3 

10.1 

8.3 

10.1 

4. 

Tilaya 

18 

4.8 

6.0 

7.4 

15.5 

18.2 

17.7 

5. 

Maithon 

131 

3.5 

3.1 

1 .7 

8.0 

18.3 

28.0 

6. 

Panchet Hill 

153 

3.0 

1 .1 

9.6 

18.2 

19.1 

18.8 

7. 

Pykara 

403 

10.8 

110 

10.0 

3.9 

8.0 

9.2 

8. 

Moyar 

1 74 

10.6 

10.8 

9.8 

6.0 

6.5 

9. 1 

9. 

Met tur 

258 

3.8 

3.5 

6.8 

10.6 

10.0 

8.9 

10. 

Pe riya r 

668 

9.4 

6.9 

6.8 

8.4 

6 . 1 

10.0 

11 . 

Papanasam 

1 70 

5.4 

3.5 

1 0.4 

11.0 

10.0 

8.0 

12. 

Kundali 16 11 

76 

5.2 

HP 

4.0 

6. 4 

- 

8.3 

13. 

Khopoli ) 

) 

8hiv pu r i ) 








14. 

1510 

5.9 

7.2 

6.8 

10. 1 

9.4 

9.1 

15- 

Bhifa ) 








16. 

S i vasainudram 

182 

8.6 

8.5 

8.2 

8.4 

8.7 

8.5 

17. 

Shimsha 

1 04 

7.1 

8.5 

8.3 

8.7 

8.5 

8.5 

18. 

log 

788 



8.1 

8.2 

8.7 

8.5 

8.3 

8.2 

19. 

Hir akud 

595 

8.8 

8.2 

8.2 

8.0 

7.4 

7.1 

20. 

Bhakra ) 

) 

Gangimal ) 

) 

Xotla ) 








21. 

1647 

5.9 

7.6 

7.5 

7.4 

8.7 

8.9 

22. 








23. 

Jogind8rnagar 

1 92 

9.2 

11.1 

10.3 

8.6 

7.6 

7.3 

24. 

Sarda (Khathma) 

210* 

8.4 

10.0 

9.4 

9. 0 

8.7 

8.4 

25. 

Machkund (for '60-‘61 ) 

512 

8.4 

8.3 

8.4 

8.6 

9.6 

7.0 
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October 

November 

December 

January 

February 

March 

Re«arke 

to . 

11. 

12. 

13. 

14. 

15. 

16. 

7.0 

7.7 

8.7 

10.5 

9.5 

8.4 


4.6 

5.S 

0.7 

12.5 

11.6 

11.2 


13.a 

13.0 

8.4 

4.8 

4.4 

2.6 


11.1 

2.8 

3.5 

3.5 

3.3 

6.4 


24.1 

2.6 

3.5 

3.4 

2.3 

3.5 


18.7 

3.6 

3.8 

1.4 

2.6 

3.1 


1.0 

5.8 

7.0 

8.0 

9.2 

11.0 


1.0 

5.6 

6.8 

7.5 

6.8 

10.b 


10.6 

10.8 

11.4 

10.4 

7.4 

5.8 


10.7 

10.5 

10.7 

10.8 

6.4 

3.3 


0.0 

6.5 

10.7 

0.4 

5.0 

9.1 


4.0 

4.7 

8.2 

8.5 

>6.0 

32.7 


B. 4 

7.0 

8.0 

9.3 

8.6 

8.3 


8.0 

8.0 

8.3 

8.3 

7.7 

8.8 


8.3 

8.3 

8.5 

8.8 

EK&7 

8.8 


8.4 

8.1 

8.8 

8.4 

7.5 

8.8 


8.8 

8.7 

8.6 

10.0 

9.6 

10.4 

(Addna to Ine- 
(tallad capacity 

7.3 

8.6 

9.6 

10.3 

6.6 

9.6 

(during tha 
(y»»r. 

(July *61 — 119 Ml 
(Not. ’61--90 Ml 
(Dac. *61 — 11B Ml 

8.0 

7.8 

8.6 

6.9 

6.8 

7.8 


8.6 

10 0 

11.0 

6.5 

7.8 

NA 

•lor 11 Month** 

8.6 

7.4 

7.0 

6.8 

8.0 

11.0 
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ANNEX 3 SUPPLEMENT 
TABLE 3-4 


BAS IN-11SE DISTRIBUTION OF HYDRO 
POWER POTENTIAL. 


SI. River Batin 

Ms. 


Power potential at BON 
load factor ( kV) 

Total In India. 


VEST FLOWING RIVERS OF SOUTHERN 

INDIA. 


1. Pambiyar 


276.000 

2. Periyar 


831.500 

3. Chalakudl 


287,000 

4. Kundipula 


78.000 

5. Kuttiyadi 


67,700 

8. Barapole 


200,000 

7. Varahi 


150,000 

8. Chakranadi 


20.000 

0. Sharavathi 


087,300 

10. Tadri (Aganaahinl) 


214.000 

11. Badti 


420.000 

12. Kalinadi 


646,000 

13. Hahadayi (Nandvi) 


not included 

Sub- 

Total: 


4.207.500 

EAST FLOWING RIVERS OF SOUTHERN 

INDIA 


1. Tambraparni 


21.000 

2. Cauvary 


758.500 

3. Krishna 


1 ,638.000 

4. Godavari: . .... 

1) Upper Godavari 


62.500 

Ii) Pranhita 


1 ,023.800 

ill) IndravatI A Kolab 


2,458,300 

iv) SIleru 


723,000 

v ) Lower Godavar i 


1.043.000 

5UD- 

Total: 


8.625.800 


4.207.500 


8.625.000 


III. CENTRAL INDIAN RIVERS 


1. Nahi 


33,000 

2. Narmada 


2.027.000 

3. Tapi 


00,000 

4. Mahanadi 


047,500 

5. Braabmani 


786,500 

8. Baitarani 


366,000 

7. Subarnarakha 

Sub- 

35,000 


Total: 

4,287.000 
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ANNEX 3 SUPPLEMENT 
TABLE 3-4 (cont’d ) 

BASIN-WISE DISTRIBUTION OF HYDRO 
POWER POTENTIAL 


SI. River 8ae in 


Po*e r potentia1 at SOX 

No. 


load factor (kW) 



Total 

in India 

IV. OANQA BASIN 




1. Chambal 


232.000 


2. Batwa 


295,000 


3. Kan 


150.000 


4. Sona & Tons 


804,000 


S. Oamodar 


20.000 


6. Yamuna 


338.000 


7. Alaknanda 


446,500 


8. Bhagirathi 


105,000 


9. Uppar Bangs 


970,000 


111. Bangs Canal 


70,000 


It. Raeganga 


34,000 


12. Sards 


1,842,000 


13. Karnali 


2,745,000 


14. Bandak 


45,500 


13. Sun Koti 


2,380.000 


18. Arun 


2,365,000 


17. Kosi 


18,700 



J uu 

Tots 1: 

13.078.700 

4,888.700 

V. BRAHMAPUTRA BASIN 




(a) Tributarlas 




1. Tlsta 


840,000 


2. Jaldhaka 


22,000 


3. Kameng 


805,000 


4. SubansIr1 


IBB,000 


3. Oihang 


4,055.000 


8. Dlbang 


930,000 


7. Luhlt (Tal lu) 


3,270,000 


8. Kalang & 1uIs 1 


946,400 


6. Kynsh 1 , Uang 1 l Uni 


1 .0 6 4,000 


tO. Barak (with Manipur 




01 va r s 1 on). 


1.034,MO 


(b) Manipur rivar 


16,000 


(c) Tyao 


378, 000 



Sub- 




Total: 

13,426,400 

12,486,400 

VI. INDUS BASIN 




1. Jha 1um 


610.500 


2. Chanab 


3,256,MO 


3. Ravi 


158,MO 


4. Baas K Sut laj 


2,3 5 7,500 



Sub- 




Tots 1: 

6,582,000 

6.582.000 


Brand Total: 

50,298,500 

41,167,500 


213 



ANNEX 3 SUPPLEMENT 
TABLE 3-9 

STATE-VISE DISTRIBUTION OF POWER POTENTIAL 



SI. No. 

Stata 


kV 

at 80* load 

factor 


1. 

Andhra 



2,476,500 



2. 

Assam 



11 .599,400 



3. 

Bihar 



809,700 



4. 

Gujarat 



877,000 



9. 

Jammu t Kashmi i 



3,590,500 



8. 

Kara la 



1,539.500 



7. 

Madhya Pradash 



4.582.300 



8. 

Madras 



708,200 



9. 

Maharasht ra 



1.909.600 



10. 

Mysora 



3,372.800 



11 . 

Orissa 



2,082,000 



12. 

Punjab 



1,360,500 



13. 

Rajasthan 



149,000 



14. 

Uttar Pradash 



3,784,000 



15. 

Vast Bangal 



22,000 



UNION TERRITORIES 






1 . 

Himachal Pradash 



1,887,500 



2. 

Man 1 pur 



865,000 






TOTAL: 

41,155.500 




ANNEX 3 SUPPLEMENT TABLE 

3-B 





ESTIMATED COSTS OF 

SINGLE-PURPOSE HYDRO-ELECTRIC 




SCHEMES 

UNDER CONSTRUCTION/ 



SI. 

No. Schama Capital 

outlay on 
Separation 
fta. laci. 

COMPLETION 
Inatal lad 
capacity 
kt. 

F i ra 
poaar 
potan- 
tlal at 

80* 

load 

roetor 

Cost/ 
kW ol 
insta¬ 
ll ad 
capac i - 
ty. 

Rs. 

Cost/kV 
ot firm 
poaa r. 

Rs 

1. 

Pamba 

2252.00 

300,000 

228,000 

751 

1000 

2. 

Pann 1 a r 

324.00 

30,000 

28,000 

1060 

1245 

3. 

Idlkkl 

4749.00 

500,000 

355,000 

950 

1330 

4. 

Nariamangalam 299.75 

45,000 

27,000 

865 

1110 

5. 

Sho1 ay a r 

429.00 

54,000 

41,500 

785 

1002 

0. 

7. 

Kundah 

Pa r i ya r 

4948.00 

734.85 

420,000) 

) 

140,000) 

449,000 

1015 

1285 

8. 

Sharavathi 

8183.50 

890,000 

890,000 

915 

915 

9. 

Koyna 

4067.00 

540.000 

408,000 

750 

1000 

to . 

Rihand 

3089.50 

250,000 

175,000 

1235 

1 785 

11. 

Obra 

1197.52 

100,000 

55,000 

1186 

2178 

12. 

Kut 11yad 1 

498.00 

75,000 

48,000 

885 

1080 

13. 

Uhl - Stage 

II 472.28 

30.000 

30,000 

1574 

1574 

14. 

Srlaa1laa 

3038.00 

330,000 

28 0,000 

920 

1188 
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ANNEX 4 

Basic Energy Statistics in Original Units 


CONTENTS 

INTRODUCTION 
ENERGY FLOW CHART 

PRODUCTION - TRADE - TRANSFORMATION - 
CONSUMPTION 

Table No. 

4-1. Coking Coal — All India — 1953/4 to 1962/3 

4-2. Coking Coal — By States — 1960/1 

4-3. Non-coking Coal — All India — 1953/4 to 

1962/3 

4-3A to Elimination of Double Counting of Non- 
3J. coking Coal used in industry for power gen¬ 
eration from 1953/4 to 1962/3 
4-4. Non-coking Coal — By States — 1960/1 

4-5. Metallurgical Coke — All India — 1953/4 to 

1962/3 

4-6. Metallurgical Coke — By States — 1960/1 
4-7. Non-Metallurgical Coke — All India — 1953/4 to 
1962/3 

4-8. Non-Metallurgical Coke — By States —1960/1 

4-9. Crude Petroleum — All India — 195Q/1 to 

1962/3 

4-10. Petroleum Products (FVoduction) — All India 
- 1950/1 to 1962/3 

4-11. Petroleum Energy Products - All India — 
1950/1 to 1962/3 

4-11A. Petroleum Energy Products — All India — 
Breakdown by Product — 195Q/1 to 1962/3 

A. Motor Spirit 

B. Aviation and Jet Fuel 

C. High Speed Diesel Oil 

D. Light Diesel Oil 

E. Fuel Oil 

F. Kerosene 

G. Liquified Petroleum Gas 

H. Naphtha 

I. Refinery Gas 

J. Other Petroleum Energy Products 

4-12. Petroleum Energy Products — By States — 
1960/1 

4-13. Petroleum Energy Products — By States and 
By Sectors — 1960/1 

4-14. Blast Furnace Gas — All India — 1953/4 to 
1962/3 

4-15. Blast Furnace Gas — By States — 196Q/1 
4-16. Gas Work Gas, Coke Oven Gas, Merchant 
Coke Oven Gas — All India — 1953/4 to 
1962/3 

4-17. Gas Work Gas, Coke Oven Gas, Merchant 
Coke Oven Gas — By States — 1960/1 
4-18. Utility Electricity — All India — 1951 to 

1962/3 

4-19. Utility Electricity — By States — 1960/1 


4-20. Non-Utility Electricity (Self Generation) — 
All India - 1951 to 1962/3 

4-21. Non-Utility Electricity (Self Generation) — 
By States — 1960/1 

4-22. Thermal and Diesel Electricity Generation — 
All India — Fuel Inputs — 1960/1 

4-23. Utility Electricity + Non-Utility Electricity 
- All India - 1951 to 1962/3 

4-24. Production and Uses of Energy Sources — 
All India - 1953/4 

4-25. Production and Uses of Energy Sources — 
All India - 1954/5 

4-26. Production and Uses of Energy Sources — 
All India — 1955/6 

4-27. Production and Uses of Energy Sources - 
All India - 1956/7 

4-28. Production and Uses of Energy Sources — 
All India - 1957/8 

4-29. Production and Uses of Energy Sources — 
All India - 1958/9 

4-30. Production and Uses of Energy Sources — 
All India - 1959/60 

4-31. Production and Uses of Energy Sources — 
All India - 1960/1 

4-32. Production and Uses of Energy Sources — 
All India - 1961/2 

4-33. Production and Uses of Energy Sources — 
All India — 1962/3 

4-34. Production and Uses of Energy Source? - 
Andhra Pradesh — 1960/1 

4-35. Production and Uses of Energy Sources — 
Assam — 1960/1 

4-36. Production and Uses of Energy Sources — 
Bihar — 1960/1 

4-37. Production and Uses of Energy Sources — 
Gujarat — 1960/1 

4-38. Production and Uses of Energy Sources — 
Jammu & Kashmir — 1960/1 

4-39. Production and Uses of Energy Sources — 
Kerala — 1960/1 

4-40. Production and Uses of Energy Sources — 
Madhya Pradesh — 1960/1 

4-41. Production and Uses of Energy Sources — 
Madras — 1960/1 

4-42. Production and Uses of Energy Sources — 
Maharashtra — 1960/1 

4-43. Production and Uses of Energy Sources — 
Mysore — 1960/1 

4-44. Production and Uses of Energy Sources — 
Orissa — 1960/1 

4-45. Production and Uses of Energy Sources — 
Punjab — 1960/1 

4-46. Production and Uses of Energy Sources — 
Rajasthan — 1960/1 

4-47. Production and Uses of Energy Sources — 
Uttar Pradesh — 1960/1 

4-48. Production and Uses of Energy Sources — 
West Bengal — 1960/1 
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INTRODUCTION 


1. The study of the energy economy in India 
requires detailed statistics of production, trade, 
consumption, etc., for each source of energy. Fur¬ 
thermore, the statistics relating to individual sources 
of energy must be so arranged as to form a coherent 
pattern covering all sources. The 1961 edition of the 
“Basic Statistics of Energy” published by the “Or¬ 
ganisation for Economic Co-operution & Development 
(OECD)” has been used as the guide for the statistical 
energy tables covering the India energy study. The 
OECD methods have been tested and successfully 
used as an easy, understandable means for gathering 
energy statistics. The tables prepared for India follow 
the OECD pattern as well as the “Energy Flow 
Diagram” prepared by the India Energy Study team 
for Indio. 

The following notes have mainly been taken 
from the 1961 OECD publication and have been modi¬ 
fied as necessary for India. 

I. GENERAL NOTES 

2. The statistical tables can be used to make an 
energy balance-sheet in which all sources of energy 
are expressed in terms of a common unit. There are, 
in fact, various methods of drawing up such balance- 
sheets, differing as to the common unit chosen and 
the coefficients used to express different sources in 
that unit. These data can be used for preparing an 
energy balance-sheet of any specific type. 

3. All the data supplied are, therefore, expressed 
in original units, i.e, in the quantitative units nor¬ 
mally corresponding to the source of energy concerned: 
metric tonnes, kilowatthour, cubic metres of gas of a 
certain calorific content, etc. The years covered for 
the India Energy Study are fiscal years 1953/4 through 
1962/3, i.e. the twelve months ending 31st March in 
the last year indicated. India has been treated by 
individual State as well as All India. The All India 
tables have been prepared for each type of energy by 
source for the ten years described, with one table for 
each type of energy being prepared by State for 1960/1 
which is taken as the base year for the study (Tables 
4-1 to 4-23). Further, yearly tables have been pre¬ 
pared, one for each year and All India, that sum¬ 
marise the data relating to all sources of energy for 
the year concerned (Tables 4-24 to 4-33). The attached 
Energy Flow Chart illustrates the inter-relation be¬ 
tween the various sources of energy in India in 1961. 

4. Finally, one table has been prepared for each 
State summarising the data relating to all sources of 
energy for 1960/1. The breakdown is as follows: 

Table 4-34 — Andhra Pradesh 
“ 4-35 — Assam* 

4-36 — Bihar 
“ 4-37 — Gujarat 

“ 4-38 — Jammu & Kashmir 


“ 4-39 — Kerala 

“ 4-40 — Madhya Pradesh 

“ 4-41 — Madras (including Pondicherry) 

“ 4-42 — Maharashtra 

4-43 — Mysore (including Goa) 

“ 4-44 — Orissa 

“ 4-45 — Punjab (including Himachal 

Pradesh & Delhi) 

“ 4-46 — Rajasthan 

“ 4-47 — Uttar Pradesh 

“ 4-48 — West Bengal. 

^Including NEF'A, Tripura and Manipur 

5. In compiling the data in these tables, estimates 
have had to be used in some cases. These estimates 
vary in significance with the sources of energy, con¬ 
suming sector and areas concerned. The data cannot 
therefore be regarded as strictly accurate. Generally 
speaking, it may be taken that the margin of error for 
data relating to production and trade is small, but 
probably is greater for data on the shares of consump¬ 
tion between different sectors such as Transport, 
industry and Domestic. In particular the breakdown of 
oil products between sub-sectors within industry has 
been a very difficult task. It has only been done for 
1960/1 and the corresponding figures should be used 
with caution. With regard to the data on changes in 
stocks, the field covered is specified in the notes on 
the specific tables (Section IV, page 218). 

II. TABLES BY COMMERCIAL 
SOURCE OF ENERGY (1) 

6. Each of these tables relates to a specific 
source of energy (or group of sources) and contains 
all of the relevant statistics for the years studied. 

7. The sources of energy covered by the various 
tables are as follows: 

Tables 4-1 & 4-2 — Coking Coal 

4-3 & 4-4 — Non-coking Coal 

4-5 & 4-6 — Metallurgical Coke 

“ 4-7 & 4-8 — Non-metallurgical Coke 

4-9 — Crude Petroleum (All India) 

“4-10 — Petroleum Products (Total, All 

India) 

4-11 & 4-11A— Petroleum Energy Products (All 
India) and By Product viz: 
Motor Spirit, Aviation & Jet 
Fuel, High Speed Diesel Oil, 
Light Diesel Oil, Fuel Oil, 
Kerosene, Liquified Petroleum 
Gas, Naphtha, Refinery Gas 
and Others) 

4-12 — Statewise Consumption of Pe¬ 

troleum Products in 1960/1 
4-13 — Statewise Consumption of Pe¬ 

troleum Products by Sector in 
1960/1 

“ 4-14 & 4-15 — Blast Furnace Gas 
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Table 4*16 & 4-17 - Gaa Work Gas, Coke Oven Gas 
(Steel Plants), Merchant Coke 
Oven Gas 

“ 4-18 & 4-19 — Utility Electricity 

“ 4-20 & 4-21 — Non-Utility El e c tri c ity (Self 

Generation) 

“ 4-22 — Thermal & Diesel Electricity 

Generation, Fuel Inputs, 1960/1 
“ 1^23 —Utility Electricity + Non- 

Utility Electricity. 

8. These tables cover the commercial sources of 
energy, comprising the primary sources and their 
derivatives (secondary sources). Except for petroleum 
products, all the tables of individual sources have 
been given in similar form. They have been divided 
into two parts, the first being designed to show how 
“Internal Final Consumption” is defined and the 
second to show the breakdown of this Internal Final 
Consumption by consuming sector. 

9. Internal Final Consumption is usually deter¬ 
mined in the following way, all elements being given 
in the tables. 

Production 

t Net Balance of External Trade 

- Bunkers 

± Stock Changes (Minus means put to stock) 

= Total Internal Consumption 

- Quantities Transformed 

- Internal Final Consumption. 

10. The term “Internal” has been used because 
bunkers (supplies for ships and aircraft of all nation¬ 
ality leaving the country) are not included. However, 
supphes used for interstate traffic by road, air, rail 
and wuter will be considered as consumption at the 
place of delivery of these supplies rather than 
bunkers. 

11. The term “Final” implies that amounts used 
for transformation into other sources of energy are not 
included. In other words. Internal Final Consumption 
of an energy source corresponds to the amount of that 
particular source of energy used directly (i.e. as such) 
within the territory concerned. If, for a given territory, 
Internal Final Consumption of all energy sources is 
reduced to a common unit and then totalled, the figure 
obtained is free of any duplication because the quan¬ 
tities used for conversion have been excluded. 

12. Thus, “Internal Final Energy Consumption” 
includes both the amounts of primary and secondary 
energy directly consumed by final user sectors, such 
as transport, industry and agriculture in the form of, 
for example, coal, coke, petroleum products, gas and 
electricity. It should be noted that final energy con¬ 
sumption excludes transformation losses and non- 
energy products but includes consumption by the 
energy sector such as in power plants and in dis¬ 
tribution losses. 

(1) The non-commercial sources have been fully 
dealt with in the main body of the Report. See in par¬ 
ticular Table 2 and Chapters 3 and 8 of the Report. 
See also Tables 4-24 to 4-33 of this Annex 4. 


13. In the case of industry, the term “Final Energy 
Consumption” must be more clearly, defined to avoid 
double counting. Part of the coal delivered to indus¬ 
try, for instance, is used for non-utility power 
production and some of this electricity is delivered 
to public networks. Following common practice, the 
coal used for non-utility power production has been 
deducted from the industrial sector and is shown as 
delivered to power plants. Similarly, a part of the 
energy contained in the coke delivered to the iron and 
steel industry takes the form of blast furnace gas, 
part of which is used for electricity production. Fol¬ 
lowing the methods used in the OECD “Basic 
Statistics of Energy”, the necessary deductions have 
been made in the coke deliveries. The blast furnace 
gas has thus been counted as a separate secondary 
energy source, part of which is used for electricity 
production (transformation) the rest being used by the 
coke ovens and by the iron and steel industry itself. 

14. To allow for “Stock Changes” is somewhat 
complicated because statistics in this field are in¬ 
variably seriously inadequate. It has not been possible 
to do more than to take into account the changes in 
certain categories of stocks, usually fiscal year end 
stocks, held by producer firms and, occasionally, by 
processing firms. The exact scope of the stock change 
figures has been stated for individual sources of 
energy in Section IV “Notes on the Specific Tables”. 
As it usually is not possible to allow for changes of 
stocks held by final consumers, “Consumption” 
figures actually represent “deliveries to the Con¬ 
sumers” except in those cases where the stocks at 
large consumers are known. Owing to the layout 
adopted for the tables, a minus sign before the figure 
means that the indicated quantity has been put to 
to stocks; it denotes, in actual fact, a reduction in 
the quantities available for consumption. 

15. The breakdown by sector; of Internal Final Con¬ 
sumption is given in a standard form for each table. 
The first heading covers the consumption within the 
"Energy Sector” (for purposes other than transfor¬ 
mation into other sources of energy). The “Energy 
Sector” covers all undertakings producing primary 
energy or converting it into some other form. For each 
source of energy, the tables indicate which parts of 
the Energy Sector are final consumers. In many cases, 
consumption takes the form of auto-consumption by 
the producer firms. Transmission and distribution 
losses of gas and electric power are shown under the 
separate beading “Losses”. 

16. Final consumption outside the “Energy Sector” 
has been sub-divided as follows: 

Transportation 
— Road 
— Railways 
— Waterways 

- Air 

Industry (see description that follows) 

— Mining & Quarrying 
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— Fertilizer 
— Heavy Chemical 
- Structural Clay Products 
— Cement 
— Iron Si Steel 
— Non-Ferrous 
— Textiles 
— Other 
Agriculture 
Domestic (1) 

Commercial (1) 

Government (1) (other than public sector indus¬ 
trial enterprises and including military) 
Other Sectors 


HI. DESCRIPTION OF INDUSTRY ACCORDING TO 
THE STANDARD CLASSIFICATION OF INDIAN 
INDUSTRIES 


24. Textiles 

25. “Other” includes all other industrial classifi¬ 
cations not shown above except: 

110 Coal Mining (Coal and Lignite) 

130 Ciude Petroleum and Natural Gas 
321 Petroleum Refineries 

511 Electric Light & Power 

512 Gas Manufacture and distribution 
which are in the energy sector; and 

521 Water Supply 

522 Sanitary Services 

which are usually in the Government sector; and 

852 Restaurants 

853 Hotels 

854 Laundries 

which are usually in the commercial sector even 
though publicly- owned 

IV. NOTES ON THE SPECIFIC TABLES 


17. Mining and Quarrying includes: 

121 Iron Ore Mining 

122 Metnl Mining except Iron Ore 

140 Stone Quarrying, Clay and Sand pits 

191 Salt Mining and Quarrying 

192 Chemical and Fertiliser mineral mining 
199 Non-metallic mining and quarrying not 

elsewhere classified 

Note: Coal, Lignite, Petroleum and Gas operations 
are not included .since these are in the energy 
sector rather than the industrial sector. 

18. Fertilisers (311-1) include: 

311-1.1 Inorganic 
311-1.2 Organic 
311-1.3 Mixed 

19. Heavy Chemicals (311-2) include: 

311-2.1 Inorganic 
311-2,2 Organic 

20. Structural Clay Products (331) include: 

331-1 Fire Bricks 
331-2 Refractories 
331-3 Furnace Lining Bricks 
331-4 Tiles 

21. Cement (334) 

22. Iron and Steel (341) includes: 

341-1 Iron & Steel (metal) excepting blast 
furnaces for which see tables 4-14 
and 4-15 

341-2 Ferro-alloys 

341-3 Iron & Steel Castings and Forgings 
341-4 Iron Si Steel Structurals 
341-5 Iron Si Steel Pipes 
341-6 Special Steels 

23. Non-ferrous basic metal industries (342) 


V) The breakdown between “ Domestic”, “Com¬ 
mercial” and “Government” is not satisfactory for 
all sources of energy. Unless this can be improved 
in future statistics, these three sectors should be 
shown combined. 


COKING COAL (Tables 4-1 and 4-2) 

26. Only pit-head stocks and those held by large 
distributors, coke manufacturers, gas works, and very 
large consumers have been considered. 

Coal Mines’ Consumption 

27. This heading covers only coking and blending 
(coking use) codl used as a direct source of energy 
by mines; it does not include such coal consumed by 
pit-head power plants (none now exist in India), and 
does not include middlings. 

NON-COKING COAL (Tables 4-3, 

4-3A to 4-3J and 4-4) 

Stock Changes 

28. Only pit-head stocks and those held by large 
distributors, coke manufacturers, gas works and very 
large consumers, have been considered. 

Transformation 

29. Tables 4-3A to 4-3J set out detailed assump¬ 
tions about the non-coking coal used in non-utility 
power generation. These quantities are not included 
under the final consumption of nOn-coking coal in 
industry. 

Coal Mines’ Consumption 

30. This heading covers only non-coking, blending 
(non-coking use), and middling coal used as a direct 
source of energy by the mines; it does not include 
such coal consumed by pit-head power plants (none 
now exist in India). 

METAIjLURGICAL COKE (Tables 4-5 and 4-6) 
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Stock Changes 

31. Stocks held at coke manufacturers, gas works, 
and very large consumers. 

Consumption for Transformation 

32. Part of the coke burned in the blast furnace is 
transformed into blast furnace gas, which is recovered 
and used as a source of energy for various purposes. 
Coke consumption at the blast furnaces must, there¬ 
fore, be partly regarded as a case of “Transformation” 
and accordingly included under “Consumption for 
Transformation”. To do this the figures for production 
of blast furnace gas (950 kcal/m3) are expressed in 
terms of coke on the basis of a calorific content of 
6100 kcal/kg of coke. No losses have been attributed 
to the blast furnace gas production. The balance of 
coke fed into Blast Furnaces has been shown as final 
consumption by the Iron & Steel Industry. 

Consumption by the Energy Sector 

33. The figures correspond to self consumption in 
gas works, and other coke making facilities. 

Iron & Steel Industry 

34. This includes all coke used in the Iron & Steel 
Industry excluding the quantity considered as trans¬ 
formed into blast furnace gas and excluding that 
already accounted for in coke ovens in “Consumption 
by the Energy Sector”. 

NON-METALLURGICAL COKE (Tables 4-7 and 4-8) 
Stock Changes 

35. Only stocks held at coke manufacturing plants 
and very large consumers have been taken into 
account. 

CRUDE PETROLEUM (All India, Table 4-9) 

Internal Final Consumption 

36. All crude oil is consumed at the refineries, and 
none is used directly at this time. 

PETROLEUM PRODUCTS (Table 4-10) 

37. This is a special table differing from the 
standard'form of other tables in this part. It is merely 
intended to give a general view of refining operations 
and total output of oil products. 

Crude Oil Treated at the Refinery 

38. The figures correspond to those for consump¬ 
tion of crude oil at the refineries as given in the crude 
oil table. 


Refinery Losses 

39. The figures include changes in the stocks of 
unfinished products in the refinery. 

Refinery Fuel Used at the Refinery 

40. This corresponds to total auto-consumption at 
the refinery, whether of unfinished products, as is 
most often the case, or of finished products. 

Substitute Fuels 

41. These are similar to oil products, but are ob¬ 
tained from hard coal, coal distillation products (tar, 
benzol) or distillation of other products (alcohols) or 
from natural gasoline. At present none is transformed 
at the refineries. 

Production Breakdown 

42. Entries under this heading show how the total 
output of petroleum products (including refinery and 
substitute fuels) is distributed among the different 
energy products (Motor Spirit, Aviation & Jet Fuel, 
HSDO, LDO, Kerosene, LPG, Fuel Oil, Other, includ¬ 
ing refinery and vaporising oil and the non-energy 
products (lubricants, bitumens, chemical feed stock, 
petroleum coke, paraffin, wax, etc.) 

PETROLEUM ENERGY PRODUCTS (Table 4-11) 

43. This table gives for energy products combined 
production from crude oil and substitute fuel, the 
balance of trade, bunkers, stock changes, consumption 
for transformation and total internal final consumption. 

PETROLEUM ENERGY PRODUCTS - BREAKDOWN 
BY PRODUCT (Table 4-llA) 

A. MOTOR SPIRIT 
Production 

44. The breakdown between products derived from 
crude oil and substitute fuels is shown. 

Stock Changes 

45. Only stocks held by refineries and large 
storage depots are accounted for. 

B. AVIATION & JET FUEL 
Production 

46. Includes aviation gasoline used for air travel 
as well as the jet fuels (ATF), 

Stock Changes 


219 



47 . Only stocks held by refineries and large 
storage depots are accounted for. 

C- HIGH SPEED DIESEL OIL (HSDO) 

D. LIGHT DIESEL OIL (LDO) 

E. FUEL OIL (Furnace Oil, EHFO, LSFO, etc.) 
Stock Changes (C, D & E) 

48. Only stocks held by refineries and large 
storage depots are accounted for. 

F. KEROSENE (Inferior and Superior) 

G. LIQUIFIED PETROLEUM GAS (LPG) 

49. The figures refer to butane and propane, and 
are the LPGs used for energy uses. 

H. NAPHTHA 

I. REFINERY GAS 

J. OTHER PETROLEUM ENERGY PRODUCTS 
Production 

50. Includes vaporising oil, and other energy 
products not accounted for in items A to I. 

CONSUMPTION OF PETROLEUM PRODUCTS IN 
1960/1 BY STATE (Table 4-12) 

CONSUMPTION OF PETROLEUM PRODUCTS IN 
1960/1 BY SECTOR (Table 4-13) 

51. The breakdown between States and Sectors is 
an estimate based on data provided by oil companies. 

BLAST FURNACE GAS (Tables 4-14 and 4-15) 

52. Blast Furnace Gas is a by-product of the re¬ 
duction of iron ore by coke oven coke in blast 
furnaces. It is recovered on leaving the furnace; part 
of it is used in the blast furnace itself and in the 
ancillary plant, and the remainder used in the iron 
and steel industry as well as thermal electric plants 
especially adapted for this type of fuel. It has been 
deemed advisable, nevertheless, to devote a special 
table to blast furnace gas in million cubic metres at 
950 kcal/m^, The amounts produced ore large and the 
gas is of a type that is not mixed with other gases, 
but must be used for its own specific purposes. 

GAS WORK GAS, COKE OVEN GAS (STEEL PLANTS), 
MERCHANT COKE OVEN GAS (Tables 4-16 and 4-17) 

53. This table collates data concerning different 
categories of gas: Gas Work Gas, Merchant Coke Oven 


Gas, Coke Oven Gas, but excludes blast furnace gas 
which is tabulated in a separate table. The 
figures for these gases have been shown together in 
terms of million cubic metres since their heat value 
do not differ much (Coke Oven Gas 4500 kcal/m3. Gas 
Work Gas and Merchant Coke Oven Gas 4200 kcal/m3). 
In Tables 4-24 to 4-33 a distinction has been mode 
between Coke Oven Gas and Gas Work Gas. 

54. Refinery gas is not shown in this table and 
has been included in refinery fuel. 

UTILITY ELECTRICITY (Tables 4-18 and 4-19) 

55. This category includes electricity that is gen¬ 
erated, purchased, and distributed by public and 
private undertakings whose primary business is the 
sale of electricity to the general public. 

Production 

56. The production figures quoted refer to gross 
output, i.e. at alternator terminals (instead of “Net” 
output measured at station terminals, i.e. after deduc¬ 
tion of power absorbed by the station itself and its 
ancillary installations). 

57. The use of gross output rather than “Net” 
output usually given in electricity statistics pre¬ 
serves uniformity with the statistics for the other 
sources of energy. As gross output figures are not 
always available, they have been arrived by adding 
6 per cent to the net output for thermal plants and 

5 per cent to the net output for diesel plants, when 
the specific information is not available. The differ¬ 
ence between the gross and net production appears 
os “Consumption by Electric Plants” in Internal 
Final Consumption. 

NON-UTILITY ELECTRICITY (Tables 4-20 and 4-21) 

58. This category includes electricity that is pri¬ 
marily generated for use in Industry by Industry or 
sold by Industry to Utilities. 

Production 

59. The production figures quoted refer to gross 
output, i.e. at alternator terminals (instead of “Net” 
output measured at station terminals, i.e. after deduc¬ 
tion of power absorbed by the station itself and its 
ancillary installations). 

60. The use of gross output rather than “Net” 
output usually given in electricity statistics pre¬ 
serves uniformity with the statistics for the other 
sources of energy. As gross output figures are not 
always available, they have been arrived at by adding 

6 per cent to the net output for thermal electricity and 
5 per cent to the net output of diesel plants when the 
specific information is not available. The difference 
between gross and net production appears as “Con- 
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sumption by Electric Plants** in Internal Final 
Consumption. 

FUEL INPUTS FOR THERMAL & DIESEL 
GENERATION IN 1960/1 (Table 4-22) 

61. This table gives the inputs of the different 
fuels for Thermal & Diesel Electricity Generation 
in 1960/1 under Utilities and Non-Utilities. 

UTILITY ELECTRICITY + NON-UTILITY 
ELECTRICITY (Table 4-23) 

62. This category gives total of electricity gen¬ 
erated and sold in all India by Utilities and Non- 
utilities given under tables 4-18 and 4-20 respectively. 

YEARLY TABLES (Tables 4-24 fo 4-33) 

63. Each of these tables covers a single year in 
the period 1953/4 to 1960/1 and includes statistics 
relating to all sources of energy for that year. 

64. The figures in these tables are extracted from 
the tables by Commercial Sources of Energy (Tables 
4-1 to 4-23). As, however, it has occasionally been 
necessary to condense data so as to bring together 
in a common framework statistics concerning all 
sources of energy, these tables do not necessarily 
include all the details given in the tables drawn up 
for the separate sources of energy. 

65. The annual tables like those for the individual 
sources have been divided into two parts, the first of 
which is intended to show total internal final con¬ 
sumption and the second the breakdown of consump¬ 
tion by sector. The layout is practically the same as 
for the other tables. 

66. The first part of the tables has separate sec¬ 
tions for Primary and for Secondary Sources of Energy. 
The following are classified as Primary: 

Coking Coal, Non-coking Coal, Crude Oil, 

Hydro Power and Non-Commercial Fuels. 


67. Power Alcohol, a substitute fuel derived from 
Molasses has been shown under “Motor Spirit” against 
space reserved for “Primary” Source of Energy for 
convenience. Similarly, the production of elec¬ 
tricity from primary hydro power has been shown in 
the space reserved for “Primary” sources under 
“Utility Electricity”. 

68. The sale of energy by Electricity Non-Utility 
Undertakings to Utilities has been shown against the 
column “Balance of External Trade” under Secondary 
Sources of Energy for convenience. 

69. The figures relating to Non-Commercial Source* 
of Energy, which, have b^ eI > fully dealt with in the 
Report, have mainly been extracted from Table 2 of 
the Report. 

TABLES BY STATE (4-34 to 4-48) 

70. These tables set out for each State, statistics 
relating to all. sources of energy. The figures have 
been extracted from By State Tables in the series 
4-1 to 4-23. In these tables 4-34 to 4-48 the consump¬ 
tion of oil products by Sector has been shown sepa¬ 
rately, adopting 1000 tonnes as the unit as the 
consumption figures of individual products are small 
compared to the other fuels. See also the remarks re¬ 
lating to the “Yearly Tables” in paragraph 63 to 69 
above. 


V. SYMBOLS USED 

Nil, or lesB than half the final 
digit shown. 

( ) Estimate. 

-► Value impossibly to isolate and 
included in the figure indicated 
by the arrow. 

NA Not available 
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BEEN SHOWN. 
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TABLE 4-1 


COXING COAL - ALL INDIA 
(Dill ion Tonnes) 

PRODUCTION - TRADE - TRANSFORMATION - CONSUMPTION 



1 953/4 

1854/5 

1955/8 

PRODUCTION 

13.93 

13.77 

13.68 

Lees: Middlings & Rejects 

-0.14 

-0. 18 

-D.21 

STOCK CHANGES* 1} 

-0. 88 

-0.80 

-0.74 

TOTAL INTERNAL CONSUMPTION 

12.81 

12.78 

12.73 

CONSUMPTION FOR TRANSFORMATION 

-5. 00 

-5.41 

-5.69 

Of which: Coke Ovens 

2.56 

2.96 

3.06 

Merchant ovens 

0.35 

0.30 

0.35 

Beehive ovens 

0.19 

0.25 

0.27 

Sof t Coke Manufacture 

1 .37 

1 .34 

1.51 

Gas Works 

0.16 

0.18 

0.17 

Thermal Plants 

0.37 

0.38 

0.33 

TOTAL INTERNAL FINAL CONSUMPTION 

7.91 

7.37 

7.04 


MjfttAKDOWN 

OF INTERNAL FINAL 

A. CONSUMPTION BY THE ENERGY SECTOR. 

Coal Mines 

0.69 

0. SB 

0.73 

B. CONSUMPTION BY OTHER SECTORS. 

TRANSPORTATION - Railways 

5. 03 

4.86 

5.24 

INDUSTRY 

MSg. 19 

1 . 83 

1.07 

Of which: Iron & Steel 

0.80 

0.85 

0.44 

Othe rs 

1 .39 

1.18 

0.83 

TOTAL INTERNAL FINAL CONSUMPTION 

7.91 

7.37 

7.04 


(|>- Means increase in stock 

(2) Represent coal fed with coke ovens 
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,956 7 

1957 8 

1958 9 

1959/60 

1960/1 

1961/2 

1962/3 

14.36 

15.37 

15.33 

14.75 

16.24 

16.99 

17.32 

0.25 

-0.26 

-0.28 

-0.5C 

-0.67 

-1 .05 

-1.59 

0.62 

-0. T 

-0.71 

-0.25 

-1.76 

-1.12 

*0.59 

13.49 

14.41 

14.34 

13 94 

13.61 

14.82 

16 32 

5.69 

-6.20 

- 7.23 

-8.68 

-9.56 

-10.97 

-11.60 

2.96 

3.08 

3.82 

5.36 

' 6.84 

8.28 

9. 35 

0.36 

0.47 

0.51 

0.58 

0.78 

0.99 

1.10 

0.37 

0.47 

0.59 

0.48 

0.28 

0.42 

0. 48 

1.52 

1 .86 

1.73 

1.66 

1.19 

1 . 05 

0.46 

0. 18 

0.19 

0.20 

0.19 

0.20 

0.20 

0.20 

0.30 

0.35 

0.38 

0.41 

0.47 

0.03 

0.01 

7 80 

8.21 

7.11 

5.26 

4.25 

3.85 

4. 72 

CONSUMPTION 

0.72 0.77 

0. 77 

0.73 

0.81 

0.85 

0.91 

6 70 

5.70 

4.57 

3. 90 

1.32 

1.39 

2. 1 1 

* 

38 

1.74 

1 77 

0.63 

2. 12 

1 .61 

1 . 70 

U 62 

0 71 

0.90 

0.43 

1.31 

1 .21 

1.20 

0. 76 

1 . 03 

0.87 

0.20 

0.81 

0.40 

0.50 

7.80 

8.21 

7.11 

5.26 

“PUT 

3.85 

4.72 
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TABLE 4-2 

COKING COAL 1960/1 - BY STATES 
(Million Tonnes ) 

PRODUCTION - TRADE - TRANSFORMATION - CONSUMPTION 

All Andhra West Bihar Gujarat Kerala 

India Pradesh Bengal 


PRODUCTION 

16.24 


0.68 

15.56 



Less: Middlings & Rejects 

-0.67 



-0.67 



BALANCE OF EXTERNAL TRADE 

- 

+ 0.05 

+ 3. 1 8 

-6.16 

► 0.02 

-0.02 

STOCK CHANGES^ } 

-1.76 


-0.07 

-1.69 



TOTAL INTERNAL CONSUMPTION 

13.81 

0.05 

3.79 

7.04 

0.02 

0.02 

CONSUMPTION FOR TRANSFORMATION 

-9.56 

- 

-2.78 

-4.82 



Of which: Coke Ovens ' 

6.64 


2.19 

2.60 (3 > 



Merchant Ovens 

0.78 


0.39 1 2 3 (4) 

0.39 



Beehive Ovens 

0.28 



0.28 



Soft Coke Manufac¬ 
turing. 

1.19 


0. 08 

1.11 



Ges Works 

0.20 jg 


0.10 




Thermal Plants 

0.47 



0.44 



TOTAL INTERNAL FINAL CONSUMPTION 

4.25 

0.05 

1.03 

2.22 

0.02 

0.02 



BREAKDOWN OFINTERNAL FINAL 

CONSUMPTION 

CONSUMPTION BY THE ENERGY 

SECTOR 

Coal mines 

0. 81 


0.03 

0.78 



CONSUMPTION BY OTHER SECTORS 







TRANSPORTATION - RaiIways 

1.32 

0.05 

0.24 

0.23 

0.02 

0.02 

INDUSTRIES 

2.12 

- 

0. 76 

1.21 

- 


Of which: 1ron & Stee 1 

1.31 

- 

0.76 (5) 

0.40 



Other Industry 

0.81 

- 

- 

0.81 



TOTAL INTERNAL FINAL 

CONSUMPTION. 

4.25 

0.05 

1 . 03 

2.22 

0.02 

0.02 


(1) — maans increase in stocks 

(2) represents coal fed into coke ovens. 

(3) includes 0.33 million tonnes for Sindri. 

(4) Probably includes 0.11 million tonnes of Non-Coking Coal used for power 
generation in the Durgapur Coke oven power plant. 

(5) Includes 0.13 million tonnes used for power generation 
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Madhya 

Maharashtra Pradesh Madras Mysore Orissa Punjab Rajas- Uttar 

than Pradesh 


♦ 0.24 

♦ 1.29 

♦ 0.07 

♦ 0. 04 

♦ 0.87 

♦ 0.08 

♦ 0.08 

+ 0.22 

0.24 

1.29 

0.07 

0.04 

0.B7 

0.08 

0.08 

0.22 

-0.10 

-1.02 



-0.86 





1 .01 



0.84 





0.10 

0.01 0.02 

0.14 0.27 0.07 0.04 0.01 0.08 0.08 0.22 



0.12 0.07 0.04 0-01 0.08 0.08 0.22 

0.15 

0.15 


0.14 


0.27 0.07 


0.04 0.01 0.08 


0.08 0.22 


Delhi 
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TABLE 4-3 


NON COKING COAL - ALL INDIA 
(Million Tonnes ) 

PRODUCTION - TRADE - TRANSFORMATION - CONSUMPTION 




1 953/4 

1954/5 

1955/6 

PRODUCTION 


22.94 

24.05 

25.47 

Of which: Midd 1 i ngs 


0.08 

0.11 

0.12 

BALANCE OF EXTERNAL TRAOE 


-1.99 

-1.89 

-1 .60 

STOCK CHANGES (1) 


0.68 

-0.36 

-1 .25 

BUNKERS 


-0.41 

-0.36 

-0.24 

TOTAL INTERNAL CONSUMPTION 


21.22 

21.44 

22.38 

CONSUMPTION FOR TRANSFORMATION 


-5.65 

-5.81 

-6.35 

Of which: Thermal Plants^ 


4.73 

4.85 

5.35 

Soft Coke Manufacture 


0.92 

0.96 

1 .00 

TOTAL INTERNAL FINAL CONSUMPTION (3) 


15.57 

15.63 

16.03 

CONSUMPTION BY ENERGY SECTOR 

BREAKDOWN OF 

INTERNAL 

FINAL CONSUMPTION 

Coal Mines (3) 

CONSUMPTION BY OTHER SECTORS 


1.02 

1.08 

1 .14 

TRANSPORTATION 


7.13 

6.79 

7.16 

Of which: Ra i Iways (3 ) 


6.89 

6.51 

6.84 

Waterways 


0.24 

0.28 

0.32 

INDUSTRY 
of which: 


6.B3 

6.87 

6.74 

Mining and Quarrying 


— 

— 

- 

Fe rt i 1 i ze r t Chem i cal s (3) 


- 

- 

0.01 

Structural Clay products & brick 

burning^ 3 ' 

CO 

CD 

o 

o 

0.08 <B) 

0.08 (6) 

Cement (3) 


1.12 

1.17 

1.29 

Iron & Steel 


- 

- 

- 

/ 3 \ 

Non-ferrous (copper only) 


0.05 (4) 

0.04 (4) 

0.06 (4) 

Text i les 


- 

- 

- 

Others ^ 


5.38 (5) 

5.58 (5 > 

5.30 (5) 

AGRICULTURE 

DOMESTIC 


0. 17 

0.22 

0.32 

COMMERCIAL 


0.14 

0.13 

0.12 

GOVERNMENT 


0.48 

0.54 

0.55 

TOTAL INTERNAL FINAL CONSUMPTION 


15.57 

15.63 

16.03 


( 1 ) 

- means increase in stocks 





( 2 ) 

Both utility and non-utility. 

For details see 

Tables 

3A to 3J 

(3) 

Excluding non-coking coal used 
See details in Tables 3A to 

i n non 
3J 

-utility 

powe r 

generat ion 

(4) 

Includes lime stone burning. 





(5) 

Inc ludes textiles. 





( 6 ) 

Exc ludes brickburning. 





(7) 

Includes 0.35 million tonnes 1 

ignite 

mined in 

Madras 

State 
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1956/7 

1957/8 

1958/9 

1959/60 

1960/1 

1961/2 

1962/3 

26.74 

29 

54 

31 

.71 

34, 

21 

39. 

.95 

38.97 

47 

,56 (7) 

0. 15 

P 

15 

0 

.20 

0 , 

,37 

0 

.46 

0.73 

1 , 

.05 

-1.71 

_ t 

. 73 

-1 . 

.71 

-1 . 

.39 

-1 , 

,26 

-1.31 

-1 . 

28 

1.21 

• ti . 

.41 

-0 

.62 

- 2 . 

70 

- 2 . 

46 

♦ 2.03 

- 2 . 

93 

-0.23 

- 0 . 

20 

-0 

,14 

- 0 . 

1 5 

- 0 . 

12 

-0.13 

- 0 . 

13 

23.59 

27 

20 

29. 

,24 

29. 

97 

36. 

11 

39.56 

43. 

24 < ? ) 

-6.67 

-f. 

85 

-7. 

69 

- 8 . 

00 

- 10 . 

07 

-11.97 

-13. 

03< 7 > 

5.65 


92 

6 . 

57 

6 . 

92 

8 . 

62 

10.26 

1 0 . 

26 (7) 

1 . 02 

r. 

93 

1 . 

12 

1 . 

08 

1 . 

45 

1.71 

2 . 

77 

16.92 

20 

35 

21 . 

55 

21 . 

97 

26. 

04 

27.59 

30. 

21 


1 

.20 

1 

34 

1 .26 

1 

.55 

1 

.81 

2.13 

2 

.60 

7 

.97 

8 

96 

10.18 

11 

.34 

14 

.72 

15.29 

15 

.24 

7 

.67 

8 

64 

9.83 

11 

.01 

14 

.26 

14.97 

14 

.92 

0 

.30 

0 

32 

0.35 

0 

.33 

0 

.46 

0.32 

0 

.32 

6 . 

71 

9 

23 

9. 06 

8 . 

lira 

8 

.64 

9.79 

1 1 , 

.85 


- 



- 


- 

0 

.02 

0.04 

0 . 

.04 

0 

.31 

l' 

37 

0.36 

0 . 

26 

0 

.35 

- 


- 

1 

. 55 

1 

51 

1.95 

1 . 

82 

1 

.05 

1.46 

1 . 

.60 

1 

.44 

1 

75 

1 .74 

1 

.82 

2 

.28 

2.49 

2 . 

43 





- 


- 


sskt 

0.13 

0 . 

14 

0 . 

03 

n 

03 

0.04 

0 . 

.05 

0 

.04 

- 


- 

1 . 

77 

i 

81 

1.77 

1 . 

72 

1 

.83 

2.10 

2 . 

21 

1 . 

61 

3 

76 

3.20 

2 . 

44 

3 

. 07 

3.57 

5. 

23 

0 . 

29 

c 

28 

0.42 

0 . 

30 

0 

.19 

0.04 

0 . 

06 








0 

. 01 

- 



0 . 

12 

0 

09 

0.09 

0 . 

08 

0 . 

,07 

0.07 

0 . 

09 

0 . 

63 

r. 

45 

0.54 

0 . 

59 

0 . 

.60 

0. 27 

0 . 

37 

18. 

92 

20 

35 

21.55 

21 . 

97 

26 

.04 

27.59 

30. 

21 
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TABLES 4-3A to 4-3J 
NON-COKING COAL - ALL INDIA 


ELIMINATION OF DOUBLE COUNTING OF NON 

-COKING COAL USED 

IN INDUSTRY 

FOR POWER GENERATION 

1953/4 



TABLE 3A 





Deliveries Power 
of non- Production 

coking from non- 

coal coking 

coal 

mt 

Non-coking 
coal requi¬ 
red for 
powe r 

production 

at 

Use of non- 
coking coa 1 
for purposes 
other than 
power gene¬ 
ration 



mt 

TWh 

1 mt/TWh 

mt 

A. INDUSTRY 






Mining & Qua r rying 

- 

- 

- 

- 

Fert i 1 izers 

& Chemicals 

- 

- 

- 

- 

Cement 


1.45 

0.33 

0.33 

1 .12 

Non-ferrous 


0.14 

0.08 

0 . 09 

0.05 

Other (incl 

. Textiles) 

5.95 

0.57 

0.57 

5.38 


TOTAL (A) 

7.54 

0.88 

0.89 

6.55 

B. RAILWAYS 


7.01 

0.12 

0.12 

6.89 

C. COAL MINES 


1.14 

0.12 

0.12 

1 .02 

TOTAL (A+B+C) 


15.69 

1.23 

1.23 

14.46 


1955/6 


TABLE 3C 



A. INDUSTRY 

Mining & Quarrying 

. 

MW 



Fertilizer & Chemica Is 

0.35 

0.34 

0. 34 

0.01 

Cement 

1.65 

0,36 

0.36 

1.29 

Non-Ferrous 

0.15 

0.09 

0.09 

0.06 

Other (incl. Tex tiles) 

6.05 

0.75 

0.75 

5.30 

TOTAL (A) 

8.20 

1.54 

1.54 

6.66 

B. RAILWAYS 

7.30 

0.14 

0.14 

7.16 

C. COAL MINES 

1.27 

0. 13 

0.13 

1 . 14 

TOTAL (A + B*C) 

16.77 

1.81 

1.81 

14.96 
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1954/5 


TABLE 3B 




Deliveries 
of non-cok¬ 
ing coal 

Power 

Produc tion 
from non¬ 
coking 
coa 1 

mt 

Non-coking 
coal requi¬ 
red for 
powe r 

product ion 
a t 

Use of non¬ 
coking coa 1 
for purposes 
other than 
powe r 

generation 



mt 

TWh 

1 rat/TWh 

mt 

A. INDUSTRY 






Mining & Qua frying 

- 

- 

- 

- 

Fa 1 1i1iz e r s 

& Chemi ca 1 s 

- 

- 

- 

- 

Cement 


1.51 

0.34 

0.34 

1.17 

Non-fe r r ous 


0.14 

0.10 

0.10 

0.04 

Other (. i nc 1 . 

. Tex t i 1 es) 

6.20 

0.62 

0.62 

5.58 


TCTAL (A) 

7.85 

1 . 06 

1 . 06 

6.79 

B. RAILWAYS 


6.62 

0 . 1 1 

0.11 

6.51 

C. COAL MINES 


1.20 

0.12 

0.12 

1.08 

TOTAI (A«B-C) 


15.67 

1.29 

1.29 

14.38 


1956 i 

TABLE 

30 



A. INOUSTRY 





Mining & Quar lying 

- 

- 

- 

- 

Fertilizer & Chemicals 

O.Bjfe 

0.36 

0.36 

0.31 

Cement 

1 . 84 

0.40 

0.40 

1 .44 

Non-teirous 

0.18 _ 

0.08 

0.08 

0.10 

Other (i nc 1. Tex t i 1 es ) 

5.57 

0.77 

0.77 

4.80 

TOTAL (A) 

8.26 

1.61 

1 .61 

6.65 

B. RAILWAYS 

7.80 

0.13 

0.13 

7.67 

C. COAL MINES 

1.33 

0.13 

0.13 

1.20 

TOTAL (A’B'C) 

17.39 

1.87 

1.87 

15.52 


(continued) 
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TABLE 4-3A to 4-3J (continued) 


NON-COKING COAL - ALL INDIA 

ELIMINATION OF DOUBLE COUNTING OF NON-COKING COAL USED IN INDUSTRY FOR POWER GENERATIO 
1957/8 _ TABLE 3E __ 



De 1 iver ies 
of non- 
cok ing 
coa 1 

Powe r 

Production 
from non¬ 
coking 
coa 1 

mt 

Non-cok ing 
coal requi¬ 
red for 
powe r 

production 

at 

Use of non¬ 
coking coa 1 
for purposes 
other than 
power gene- 
rat ion 


mt 

TWh 

1 mt/TWh 

mt 

A. INDUSTRY 





Mining & Quarrying 

- 

- 

- 

- 

Fertilizer & chemica Is 

0.73 

0.36 

0.38 

0.37 

Cement 

2.12 

0.47 

0.47 

1.65 

Non-ferrous 

0.23 

0.08 

0.08 

0.15 

Other (incl. Texti las) 

6.19 

0.74 

0.74 

5.45 

TOTAL (A) 

9.27 

1.65 

1.65 

7.62 

B. RAILWAYS 

8.79 

0.15 

0.15 

8.64 

C. COAL MINES 

1 . 47 

0.13 

0.13 

1.34 

TOTAL (A+B+C) 

19.5Jjg 

1.93 

1 .93 

17.60 

1959/60 

TABLE 

3G 




A. 

INOUSTRY 






Mining l Quarrying 

- 

- 

- 

- 


Ferti1izer & Chemicals 

0. 73 

0.47 

0.47 

0.26 


Cement 

2.33 

0.51 

0.51 

1.82 


Non-ferrous 

0.22 

0.09 

D. 09 

0. 13 


Other (inci. Textiles) 

5.80 

0.72 

0.72 

5.08 


TOTAL (A) 

a. 08 

1 .78 

1.79 

7.29 

B. 

RAILWAYS 

11 .13 

0.12 

0.12 

11.01 

C. 

COAL MINES 

1 .69 

0.14 

0.14 

1.55 


TOTAL (A-tB+C) 

21 .90 

2.05 

2.05 

19.85 
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1958/9 

TABLE 

3F 




De 1 i ver ies 
of non-cok¬ 
ing coal 

Power 

Product i on 
f rom non¬ 
coking 
coa 1 

mt 

Non-coking 
coal requi¬ 
red for 
powe r 

production 
a t 

Use of non- 
coking coa 1 
for purposes 
other than 
powe r 

generation 


mt 

TWh 

1 mt/TWh 

mt 

A. INDUSTRY 





Mining & Quarrying 

- 

- 

- 

- 

Fe rti1izers & chem i ca 1 s 

0.77 

0.41 

0.41 

0.36 

Cement 

2.15 

0.41 

0.41 

1.74 

Non f e r rous 

0.23 

0. 09 

0. 09 

0.14 

Other (i nc 1 . Tex t i 1 e$) 

5.55 

0.68 

0.68 

4.87 

TOTAL (A) 

8.70 

1.59 

1.59 

7.11 

B. RAILWAYS 

0.99 

0.16 

0.18 

9.83 

C. COAL MINES 

1 .58 

0.32 

0.32 

1 .26 

TOTAL (A*B*C) 

20 .2Vn 

2.07 

2.07 

18.20 


1 960 1 

TABLE 3H 




A. INDUSTRY 





Mining & Quarrying 

0 .0# 

- 

- 

0.02 

Fert i 1izer & chemicals 

0.89 

0.54 

0.54 

0.35 

Cement 

2.77 

0. 49 

0.49 

2.28 

Non-fe rr ous 

0.18 

0 . 08 

0 . 08 

0 . 1 0 

Other (i nc 1 . Tex ti 1 es) 

5.60 

0. 78 

0.78 (1 ) 

4.82 

TOTAL (A) 

9.46 

1.89 

1 .89 

7.57 

B. RAILWAYS 

14.43 

0 . 1 1 

0.17 (2) 

14.26 

C. COAL MINES 

1 .96 

0.15 

0. 15 

1.81 

TOTAL (A + B+ C) 

25.85 

2.15 

2.21 

23.64 

(1) Approximate f i gu re : spec i f i c consumption 

works out to 

1.07 kg/kWh 


(2) Actual figure; specific 

consumption works out at 1.55 

kg/kWh. 



(continued) 
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TABLE 4-3A to 4-3J (eont iruled) 

NON-COKING COAL - ALL INDIA 

ELIMINATION OF DOUBLE COUNTING OF NON-COKING COAL USED IN INDUSTRY FOR POWER GENERATION 


1961/2 TABLE 31 


Deliver ies 

Power 

It 

Use of non- 

of non¬ 

Production 

Non-coking 

coking coal 

coking 

f rom non ¬ 

coal requi¬ 

for purposes 

coa 1 

coking 

red for 

other than 


coa 1 

powe r 

production 
at 

power gene¬ 
ration 

rat 

TWh 

1 mt /TWh 

mt 


A. INDUSTRY 



Mining & Quarrying 

0.04 

- 

- 

0.04 


Fertilizer S Chemicals 

0.71 

0.71 

0.71 

- 


Cement 

2.98 

0.47 

0.47 

2.49 


Non-Fe r rous 

0.09 

0.09 

0.09 

- 


Other (including tex- 
t i Ies) 

6.57 

0.90 

2.17 

0.90 

5.87 


TOTAL(A) 

10.37 

2.17 

8.20 

B. 

RAILWAYS 

15.05 

0.08 

0.08 

14.97 

c. 

COAL MINES 

2.29 

0.16 

0.16 

2.13 


TOTAL (A*B+C) 

27.71 

2.41 

H X 

2.41 

25.30 
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1962/3 _ TABLE 3J 

Deliveries 
of non-cok- 



ing coal 


mt 

INDUSTRY 


Milling & Quarrying 

0.04 

Fei1i1i ze r S Chemica1s 

0.74 

Ceinen i 

2.85 

No i> - Fe r r ous 

0.08 

Otlier (including Tex t i 1 es )8.39 

TOTAL (A) 


RAILWAYS 

15.03 

COAL MINES 

2.80 

TOTAL (A» 8*C) 

29.S3 


Power 

Product ion 
f rom non- 
cok i ng 
coal 

Alt 

Non-coking 
coal requi¬ 
red for 
power 

product ion 
at 

Use of non¬ 
coking coal 
for purposes 
other then 
powe r 
gene rat i on 

TWh 

Imt/TWh 

mt 

- 


0.04 

0.74 

0.74 

- 

0.42 

0.42 

2.43 

0.08 

0.08 

- 

0. 98 

0.88 

7.41 

2.22 

2.22 

9.88 

0.08 

0.08 

14.95 

0.20 

0.20 

2.60 

2.50 

2.50 

27.43 
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TABLE 4-4 


NON-COKING COAL - 1 960/1 - BY STATES 
(Million Tonnes) 

PRODUCTION- TRADE - TRANSFORMATION - CONSUMPTION 



All 

India 

Andhra 

Pradesh 

Assam 

Wes t 
Benga 1 

Bihar 

Gujarat 

Kera l< 

PRODUCTION 

39.95 

2.57 

0.70 

16.23 

11.94 



Of which: Middlings. 

0.46 




0.48 



BALANCE OF EXTERNAL TRADE 

-1.26 

-0.20 

-0.04 

-10.12 

-4.81 

♦ 3.67 

♦ 0.14 

STOCK CHANGES (2) 

-2.46 

-0.01 

*0.01 

- 0.35 

-1.81 



BUNKERS 

-0.12 

-0.04 


-0.06 




TOTAL INTERNAL CONSUMPTION 

36. 11 

2.32 

0.67 

5.70 

5.52 

3.67 

0. 14 

CONSUMPTION FOR TRANSFORMATION 

-10.07 

-0.29 


-1.76 

-2.74 

-1.19 


Of Which: Thermal Plants 

8.62 

0.29 


1.68 

1 .39 

1.19 


Soft Coke 








Manufactur ing 

1.45 



0.1 0 

1.35 



TOTAL INTERNAL FINAL 

CONSUMPTION. 

26.04 

2.03 

0.67 

3.94 

2.78 

2.48 

0. 14 






BREAKDOWN OF 

INTERNAI 

A. CONSUMPTION BY ENERGY SECTOR 








Coal Mines 

1.B1 

0.08 

0.03 

0.80 

0.50 



8 . CONSUMPTION BY OTHER SECTORS 








TRANSPORTATION 

14.72 

1.20 

sift - 38 

1.74 

1.49 

1.10 

0.12 

Of which: Railways. 

14.26 

1.20 

0.23 

1.50 

1.42 

1.10 

0.12 

Wa te rways 

0. 46 


0. 15 

0.24 

0. 07 









INDUSTRY 

8.64 

0.73 

0.23 

1 .1 B 

0.72 

1 .37 

0 .02. 

Of which: Mining & Quarrying 

0.02 




0.02 



Fertilizer & 

Chemica 1 s 

0.35 

0.02 


0.02 


0.14 


St ructura 1 Clay 
Products 

1.05 

0.03 

0.05 

0. 14 

0.07 

0.04 


Cement 

2.28 

0.22 



0.29 

0.47 

0.01 

Non-Fe r rous 

0.04 




0.04 



Textiles 

1.83 

0.12 


0.06 


0.71 


Other 

3.07 

0.34 

0 . 18 

0.96 

0.30 

0.01 

0.01 

AGRICULTURE. 

0.1 9 




0.02 



DOMESTIC 

0 . 01 


0.01 





COMMERCIAL 

0. 07 



0.07 




GOVERNMENT 

0.60 

0.02 

0.02 

0.15 

0.05 

0.01 


TOTAL INTERNAL FINAL 
CONSUMPTION 

26.04 

2.03 

0.67 

3.94 

2.78 

2.48 

0.14 


(1) Reptesents washery losses (lejects). 
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Delhi Tripura 


Mahara- Madhya Madras Mysore Orissa Punjab Rajas- Uttar 
shi t r a P r a a •: s h than Pradesh 


0.82 

6 14 



0.90 


0.05 





■ 0 02 ( 1 ’ 









• 2.73 

-2 39 

•1.03 

• 0.68 

-0.25 

♦1 .63 

*1.42 

*4.58 

*0.54 

* 0.01 

0.01 

-0 44 



-0.05 






- 0.01 


- 0.01 








3.53 

3 11 

1 .62 

0.88 

0.60 

1.63 

1 . 47 

4.58 

0.54 

0.01 

-1.24 

■ 0 >i 6 

-0. 35 

- 0 . 10 

- 0.10 

- 0.12 

-0.24 

-0.95 

-0.31 


1 .24 

0 06 

0.35 

0 . 10 

0.10 

0.12 

0.24 

0.95 

0.31 



2.29 

2 75 

1.27 

0.58 

0.50 

1 .51 

1 .23 

3.63 

0.23 

0.01 

FINAL i 

CONSUMPTION 









0.04 

0 32 



0.04 






1.41 

1 70 

0.82 

0.41 

0.30 

0.74 

0. 83 

2.48 


_ 

1.41 

1 70 

0.82 

0.41 

0.30 

0.74 

0.83 

2.48 



0.79 

0.71 

0.44 

0. 17 

0.16 

0.55 

0.34 

1 .00 

0.21 

0.01 



0.01 


0.01 

0.01 

0 . 02 

0.09 

0.03 


0.04 

0 06 

0.06 


0.05 

0.16 

0 . 01 

0.28 

0.05 

0.01 

- 

0 27 

0.32 

0.16 

0.08 

0.15 

0.24 

0.07 



0.30 

0 27 

0.01 

0.01 

0.01 

0 . 06 

0.04 

0.17 

0.07 


0.45 

0 1 1 

0.04 


0.01 

0.17 

0. 03 

0.39 

0.06 

0.01 






0.08 

0 . 02 

0.07 



0.05 

0 02 

0 . 01 



0.14 

0.04 

0.08 

0.01 


2.29 

2 75 

1 .27 

0.58 

0.50 

1 .51 

1 .23 

3.62 

0.23 

0.01 


!) - means increase m stocks. 
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TABLE 4-5 

METALLURGICAL COKE - ALL INDIA 
(Mi 11 i an Tonnes) 

PRODUCTION - TRADE - TRANSFORMATION - CONSUMPTION 



1953/4 

1854/5 

1 B55/B 

PRODUCTION 

2.17 

2.43 

2.59 

Of fhich: Coke Ovens (I ) 

1.74 

2.01 

2.08 

Merchant Coke Ovens 

0.28 

0.23 

0.2B 

Beehive Ovens 

0.15 

0.18 

0.23 

BALANCE OF EXTERNAL TRADE 

-0.03 

-0.03 

-0.02 

STOCK CHANGES (2) 

-0.07 

-0.20 

-0.18 

TOTAL INTERNAL CONSUMPTION 

2.07 

2.20 

2.41 

CONSUMPTION FOR TRANSFORMATION 

-0.61 

-0.66 

-0.63 

In Blast furnaces (3) 

0.61 

0.66 

0.83 

In Thermal Plants 

TOTAL INTERNAL FINAL CONSUMPTION 

1 148 

1.54 

1 .78 


BREAKDOWN OF INTERNAL 

FINAL 

CONSUMPTION 

ILWAYS 

INDUSTRY 

1.46 

1.54 

1.78 

Of Which: Fe r ti1ize r s(4 ) 

(0.16) 

(0.20) 

(0.20) 

1 ron & Stee 1 (5) 

1 .30 

1 .34 

1 .58 

TOTAL INTERNAL FINAL CONSUMPTION 

1 .46 

1 .54 

1 .78 


(1) Steel P lants and S ind r i 

( 2 ) - Means Increase In stock 

(3) Represents coke equivalent of Blast Furnace Gas produced 

(4) Sindri 

(5) Excluding the quantities considered as transformed into blast furnace gas (Cf note 3) 
( ) Means estimated figures. 
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1959/80 


1960/1 


1961/2 


1962/3 


1 956/7 1 907 8 1958/9 


.7.55 

2 69 

3.33 

4.41 

5.21 

7. 12 

7.99 

2.1/J 

2 08 

2.80 

3.65 

4.50 

6.23 

7.03 

0.27 

0 30 

0.34 

0.44 

0.52 

0.61 

0.64 

0.27 

0 31 

0.39 

0.32 

0.19 

0.28 

0.32 

- V02 

-0 04 

-0.03 

-0.03 

- 0.01 

- 0.01 

- 0.01 

- 0.20 

-0 31 

- 0 . 11 

- 0.21 

♦ 0.05 

-0.08 

-0.05 

2.33 

2 . 34 

3.19 

4.17 

5.25 

7.03 

7.93 

-0.63 

0 .6G 

-0.82 

-1.23 

-1.91 

-2.13 

-2.37 

0.63 

0.66 

0.82 

1.23 

1.68 

2.13 

2.37 





0.03 



1.70 

.68 

2.37 

2.94 

3.34 

4.90 

5.56 







0.04 

0.05 

1.70 

■ .68 

2.37 

2.94 

3.34 

4.86 

5.51 

( 0 . 20 ) 

( 0 . 20 ) 

( 0 . 20 ) 

0.22 

0.22 

0.23 

0.23 

1 .50 

l .48 

2.17 

2.72 

3.12 

4.63 

5.28 

1.70 

1 . 68 

2.37 

2.94 

3.34 

4.90 

5.56 
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TABLE 4-6 


METALLURGICAL COKE - 1960/1 - BY STATES 

(Million Tonnes ) 

PRODUCTION - TRAOE - TRANSFORMATION CONSUMPTION 


A 1 1 

India 

Andh r a 
Pradesh 

Assam 

West 
Benga 1 

Bihar Gujarat 

PRODUCTION 

5.21 

- 


1.75 

2.22 


Of which: Coke Ovens ( 1 ) 

4.50 



1 .49(4) 

1.77(6) 


Merchant Coke Ovens 

0.52 



0.26(5) 

0.26(7) 


Behive Ovens 

0.19 



- 

0.19 


BALANCE OF EXTERNAL TRADE 

0.01 

•0.01 

• 0.01 

-0.05 

-0.40 • 

0. 03 

STOCK CHANGES (2) 

0.05 



• 0.02 

• 0.03 


TOTAL INTERNAL CONSUMPTION 

5.25 

0 . 01 

0.01 

1.72 

1 . 85 

0 03 

CONSUMPTION FOR TRANSFORMATION - 

1 .91 

- 

- 

-0.73 

-0.67 

- 

Of which; In Blast Furnaces^ 

1 .88 

- 

- 

0.71 

0.67 

- 

In Thermal Plants 

0.03 


- 

0.02 

- 

- 

TOTAL INTERNAL 

FINAL CONSUMPTION 

3.3tfV 

0.01 

0.01 

0.99 

t.18 

0.03 



BREAKDOWN OF 

INTERNAL 

FINAL CONSUMPTION 

RAILWAYS (10) 







INDUSTRY 

3.34 

0.01 

a. oi 

0.99 

1.18 

0.03 

01 which: Fe r t i 1 i ze rs 

0.22 

- 

- 

- 

0 .22(11) 

- 

1 ron A Steel ( 12) 
TOTAL INTERNAL 

FINAL CONSUMPTION 

3. 12 W 

0 . 01 

0.01 

0.99 

0.96 

0.03 

3.34 

0.01 

0 . 01 

0.99 

1.18 

0.03 


( 1 ) Steel plants & Smdri 

( 2 ) - means increase in stocKs 

(3) Represents ttie coke equivalent ot Blast turnace gas produced. 

(4) Durgapur Steel Plant A Indian Iron and Steel Co. 

(5 ) Durgapur Coke Oven 

( 6 ) Tata Iron A Steel Co. and Smdri Fertilizers. 

(7) Giriditi Coke Plant, Bararea Coke Plant, Lodna Coke Plant 
Loyabad Coke Plant . 


Z40 


Maharashtra 

Madhya 

Pradash 

Madras 

Mysore 

Oritta 

Punjab 

Rajasthan 

Uttar Pradesh 

Delhi 


0.67 



0.57(9) 






0.67(8) 



0. 57 (fi) 





.0,05 

• 0.09 

*0.02 

• 0.09 

-0.07 

♦ 0.10 

*0.01 

• 0.09 

*0.01 

0.05 

0 .76 

0.02 

0.09 

0.50 

0.10 

0.01 

0.09 

0 01 


-0.30 


-0. 03 

-0.18 






0.30 


0.03 

0. 17 









0 . 01 





0. 05 

0.46 

0.02 

0.06 

0.32 

0.10 

0 . 01 

0.09 

0.01 

0.05 

0.46 

0.02 

0.06 

0.32 

0.10 

0.01 

0.09 

0.01 

- 

- 

- 

- 






0.05 

0.46 

0.02 

0.06 

0.32 

0.10 

0.01 

0.09 

0.01 

0.05 

0.48 

0 . 02 

0 . 08 

0.32 

0 . I 0 

0.01 

0.09 

0.01 


(8) Bhilai St Ml Plant 

(8) Rourkala Staal Plant . 

(10) Railway* conauaadO.04 Billion tonna* ol coke during tha yaar and this quantity 
it mcludad in tha ligura* against “Iront Staal'’ a* break-up (iguras lor the 
State* art too taaIl to bt exhibited separately. 


( 11 ) Sindr i Far ti l izar* 

(12) Eiclud * ng tha quentitie* eontidarad a* translorwed into blast lurnace gas. 
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TABLE 4-7 


MON-METALLURGICAL COKE - ALL ItCIA 
(Million Tonne ) 

PRODUCTION - TRADE - CONSUMPTION 





1 953 /4 

1854/5 

PRODUCTION 



1 .64 

1. 75 

Of which: Gas forks 



(0.10) 

(0.12) 

Soft Coke 

Manu f ac t ur e 


1 .54 

1.63 

BALANCE OF EXTERNAL 

TRADE 


- 0.01 

-0.02 

STOCK CHANGES 1 



-0.20 

-0.17 

TOTAL INTERNAL FINAL 

CONSUMPTION 


1 .43 

1.56 


BREAKDOWN OF 

INTERNAL 

FINAL CONSUMPTION 

DOMESTIC 



1 .43 

I .56 

TOTAL INTERNAL FINAL 

CONSUMPTION 


1 . 43 

l 56 

(1 ) - 

( ) 

means increase in stocks 

means estimated f igures 




TABLE 4-8 

NON-METALLURGICAL CORE - 1960 1 - BY STATES 
( Million Tonnes ) 

PRODUCTION - TRAOE CONSUMPTION 

: 0l l West Bi hat 
_India Bengal _ 


PRODUCTION: 


1 .89 

0 . 18 

1 , 64 

Of which: Gas Works 


0. 13 

0 . 06 (2 ) 

- 

Soft Coke 

Manufac ture 

1.76 

0 . 12 

1 . 64 

BALANCE OF EXTERNAL 

TRAOE 

-0.02 

*0. 83 

-1.50 

STOCK CHANGES^ 1} 


-0.03 

- 

-0.03 

TOTAL INTERNAL FINAL 

CONSUMPTION 

1 . 84 

1 .01 (4 > 

0 .,, (4 > 


BREAKDOWN OF 

INTERNAL 

FINAL CONSUMPTION 

OOMEST1C 


1 .84 

1 . 01 

0.11 

TOTAL INTERNAL FINAL 

CONSUMPTION 

1 .84 

1 . 01 

0.11 

( 1 ) - 

means increase in 

stocks 




(2) Oriental Gas Company, Calcutta. 

(3) Bombay Gas Company. Bombay. 

(4) Includes despatches by Road. 


242 



1955/6 

1956 1 

1957/8 

1 958 '9 

igr o /60 

1960/1 

1961/2 

1962/3 

1 .81 

1 .82 

1 .87 

2 .03 

1 .95 

1.89 

1.96 

2.27 

( 0.11 ) 

( 0 . 12 ) 

0 . 1 1 

0.12 

0.12 

0.13 

0.13 

0.12 

i .70 

1.70 

1 .76 

1 . 9 ! 

1 . 83 

1.76 

1 . 85 

2.15 

- 0.02 

- 0.03 

- 0 . 03 

- 0.03 

- 0.03 

- 0.02 

- 0..04 

- 0.03 

- 0.10 

* 0.16 

• 0.04 

* 0.06 

♦ 0.08 

- 0.03 

- 0.08 

- 0.10 

1 .69 

1 .95 

1 . 88 

2.06 

1 .98 

1.84 

1 .86 

2.14 


69 

1 .96 

1 . 88 

2.06 

1 . 98 

1.84 

1.86 

2.14 

69 

1 .95 

1 .88 

2.06 

1 .98 

1.84 

1.86 

2.14 


Gujarat Mahaia- 

Madhya Madras 

Orissa Punjab Rajas- 

Uttar Delhi 

s h t r a 

Pradesh 

t hjn 

Wlllll liMI 


0 . 0 / 


♦ 0.04 

♦ 0.08 

♦ 0 . 02 

* 0.01 

♦ 0.01 

♦ 0.02 

♦ 0.02 

♦ 0.16 

+ 0.29 

0.04 

0.15 

0.02 

0.01 

0.01 

0 . 02 

0.02 

0.16 

0.29 

0.04 

0 . 1 

0.07 

0.01 

0.01 

0 . 02 

0.02 

0.16 

0.29 

0.04 

0.16 

0.02 

0.01 

0.01 

0.02 

0.02 

0.16 

0.29 
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PRODUCTION 


TABLE 4-9 

CRUDE PETROLEUM - ALL INDIA 
(Thousand Tonnts) 

PRODUCTION - TRADE - TRANSFORMATION - CONSUMPTION 

_ 1950/1 1951/2 

1 2 


Crude plus associated Oas 
Associated Gas 

Crude Production (free from Gas) 

Import 

Exports 

Stock Changes 

Total Internal Consumption 
Consumption for Transformation 


254 283 


* • 

254 263 

-254 -283 


TOTAL INTERNAL FINAL CONSUMPTION (including refinery fuel S losses) 

* Stock changes included in consumption for transformation 


TABLE 4-10 

PETROLEUM PRODUCTS - ALL INDIA 
(Thousand Tonnes) 

PRODUCTION 

__ 1950/1 1951/2 

PRODUCTION 


Crude Oil Treated in Refineries 

254 

263 

Refinery fuels and losses 

-34 

-17 

Total Production of Products (excluding refinery fuel) 

220 

248 

Substitute Fuels (Power Alcohol t Benzol) 

- 

- 

TOTAL PRODUCTION OF PRODUCTS (excluding refinery fuel) 

220 

2 46 


ENERGY PRODUCTS 



Motor Spirit (1) 

50 

49 

Aviation A jet fuel 

- 

- 

High Spaed Diesel Oil (HSOO) 

18 

18 

Light Diesel Oi 1 (LOO) 

25 

28 

Fua1 Oil 

18 

18 

Kerosene 

52 

52 

Liquified Petrolem Gas (LP6) 

- 

- 

Naphtha 

- 

- 

Others (include vaporizing ( substitute fuels) 

4 

8 

Total Energy Products 

185 

169 

NON-ENERGY PRODUCTS 



Lubricating Oils 

16 

22 

Other 

39 

55 

Total Non-Energy Products 

55 

77 

TOTAL PRODUCTION OF PETROLEUM PRODUCTS (excluding refinery fuel) 

220 

248 


(1) Including Power Alcohol and Benzol, 1957/8 to 1962/3 
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1952/3 1953 . 4 1954/5 1 955/6 1956/7 1957/8 1 958/9 1959/60 1960/1 1961 2 1962/3 


3 4 


5 


10 11 


12 13 


259 

273 

313 

365 

411 

439 

444 

452 

459 

596 

1 164 

- 

- 

1260 

321 1 

3936 

4499 

4763 

5185 

5784 

5981 

5963 

• 

* 

* 

-22 

*20 

- 32 

♦ 3 

-37 

-77 

* 4 

- 2 

259 

273 

1573 

3554 

4367 

4906 

52 1 0 

5600 

6166 

6581 

7125 

259 

-273 

- 1573 

-3554 

-4367 

-4906 

-521 0 

- 5600 

-6166 

-6581 

-7125 


' 952 3 

1953 4 

1954 5 1 

955 6 

1 956 7 

1957/8 

1958/9 

1959 60 

1960/1 

1 961 /2 

1962 3 

259 

273 

15 73 

3554 

4367 

4906 

5210 

5600 

6166 

6581 

7125 

-21 

-19 

232 

- 313 

-337 

-378 

-343 

-299 

-339 

-367 

-415 

238 

254 

1 341 

3241 

4030 

4528 

4857 

5301 

5827 

621 4 

6710 

- 

- 

- 

- 

- 

28 

25 

22 

20 

18 

17 

238 

254 

1341 

3241 

4030 

4556 

4892 

5323 

5847 

6232 

6727 



PRODUCTION 

BREAKDOWN 








45 

51 

347 

838 

982 

2 

480 

1 053 

7 

998 

988 

1 061 

1091 

1 1 73 

1 8 

18 

1 40 

346 

i 

636 

806 

980 

1 079 

1 094 

1131 

29 

31 

1 30 

276 

286 

357 

441 

481 

534 

602 

671 

20 

1 6 

432 

1 1 07 

1 456 

1602 

1 646 

1 664 

1 665 

1 765 

1 906 

51 

61 

1 87 

473 

561 

617 

665 

783 

948 

1 053 

1206 

- 

- 

- 

- 

1 

2 

4 

6 

9 

1 2 

O 

1 6 

Q 

5 

5 

5 

7 

7 

6 

5 

4 

3 

L 

20 

y 

38 

168 

1 82 

1241 

3047 

37 75 

42 80 

4565 

4906 

5299 

5639 

61 50 

16 

15 

17 

1 7 

1 7 

17 

1 9 

21 

22 

25 

28 

54 

57 

83 

177 

238 

2 59 

308 

396 

526 

568 

549 

70 

72 

1 00 

1 94 

255 

2 76 

327 

417 

548 

593 

577 

238 

254 

1341 

3241 

4030 

4556 

4892 

5323 

5847 

6232 

6727 
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TABLE A-1 I 


PETROLEUM ENERGY PRODUCTS - ALL INDIA 

(Thousand Tonnes) 

PRODUCTION - TRADE - TRANSFORMATION - CONSUMPTION 



1 850/1 

1951 n 

1 952 3 

1953/4 


1 

2 

3 

4 

PRODUCTION 





From Crude 01 1 

165 

169 

168 

182 

Fr om Subs t 1 1 u t e f ue 1 s 

NA 

NA 

NA 

NA 

Total 

165 

169 

168 

182 

Balance of External Trade 

* 3042 

* 33 41 

*3351 

*3398 

Stock Changes 

•3 

*16 

-56 

•53 

1 n t e r na 11 ona I 6 u nke r $ 

-332 

-298 

-241 

-262 

Total Internal Consumption 

2878 

3313 ( ' * 

3310° ) 

3465 (1 

Consumption for Transformation 
(Diesel & Thermal Electric Plants) 

-63 

-73 

72 

-72 

TOTAL INTERNAL FINAL CONSUMPTION 

2815 

3240 

3238 

3393 


(I) Includes consumption liguie of aviation & jet fuel 
which is not included either in Balance ol External 
Trade or StocK Changes as the source is not known 


TABLE 4 • 1 I A 

PETROLEUM ENERGY PRODUCTS ALL INDIA 
BREAAOOWN BY PROOUCT 
(Thousand Tonnes) 

PRODUCTION - TRAOE - TRANSFORMATION - CONSUMPTION 

___ 1 950/1 1951/? 1952/3 

A MOTOR SPIRIT I 2 3 

PRODUCTION 

F r om Cr ude 0 1 I 50 4 9 45 

From Substitute Fuel (Power Alcohol £ Benzol) NA NA NA 

Total 

Balance 0 ! External Trade *620 *755 *707 

Stock Changes .g .39 -g 

TOTAL INTERNAL CONSUMPTION 678 842 834 

8 AVIATION & JET FUEL 
PROOUCT ION 


From Crude Oil 

- 

- 

- 

Balance of External Trade 

*77 

NA 

♦ 88 

Stock Changes 

- 1 

NA 

NA 

TOTAL INTERNAL CONSUMPTION 

C HIGH SPEED DIESEL OIL (HSOO) 

PROOUCT ION 

76 

85 

88 

From Crude Oil 

18 

i 8 

16 

Balance of External Trade 

<202 

*262 

*256 

Stock Changes 

- 15 

12 

-2 

1nt e rna t 1 ona 1 Bunker 

-2 

-2 

-1 

TOTAL INTERNAL FINAL CONSUMPTION 

203 

266 

269 
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1954/5 1955/6 1956/7 1 957/8 1 958/9 1 959/60 1 960/1 1961/2 1962/3 


5 

6 

7 

8 

9 

1241 

3047 

3775 

4252 

4540 

NA 

NA 

NA 

28 

25 

1241 

3047 

3775 

4280 

4565 

♦2857 

♦ 1383 

♦ 1096 

*1118 

♦1239 

-243 

- 203 

- 87 

- 123 

- 160 

-265 

•2'13 

-373 

-427 

-414 

3893 (l } 

4053 ( 1 ) 

4411 

4846 

5230 

-76 

n 

-1 1 0 

-202 

-251 

3617 

39/6 

4301 

4644 

4979 


1 953/4 

1954/5 

1955/6 

1956/7 

1957/8 

4 

5 

6 

7 

8 

51 

347 

838 

982 

1 025 

NA 

NA 

NA 

NA 

♦ 2 8 





1053 

♦737 

♦ 54b 

♦ 20 

-110 

-208 

<20 

-73 

-5 

-13 

-8 

808 

820 

853 

859 

837 


- 

- 

- 

2 

7 

+ 93 

+ 1 03 

• 119 

♦ 1 1 3 

♦ 127 

NA 

NA 

NA 

*25 

♦ 35 

93 

1 03 

11 9 

1 40 

169 


18 

14 0 

348 

480 

636 

•283 

• 2 76 

♦ 138 

♦ 95 

♦ 125 

♦ 11 

- 1 

- 43 

- i 

-23 

- | 

♦ 12 

- | 

♦ 1 1 

- | 

311 

371 

458 

586 

771 


10 

11 

12 

13 

4884 

5279 

5621 

6133 

22 

20 

18 

17 

4908 

5299 

5639 

6150 

♦ 1492 

• 1621 

♦ 2076 

♦2527 

- 200 

-76 

- 169 

- 98 

-373 

-438 

-441 

-478 

5825 

6406 

7105 

81 01 

-335 

-388 

-432 

-453 

5490 

6018 

6673 

7648 

1958/9 

1959/60 

196 0/1 

1 961/2 1962/3 


9 

10 

1 1 

12 

13 

973 

966 

1 041 

1 073 

1156 

♦ 25 

♦22 

♦ 20 

*18 

* 17 

998 

988 

1061 

1001 

1173 

-204 

- 183 

-203 

-197 

-237 

>«4^“ 

-5 

-7 

-4 

♦6 

798 

800 

851 

890 

942 


- 

- 

- 

- 


♦ 119 

*145 

*205 

*367 

*548 

♦ 74 

♦ 86 

• 71 

-47 

-201 

193 

231 

276 

320 

347 


806 

980 

1079 

1 094 

1131 

*204 

♦ 181 

+210 

♦ 380 

*600 

-56 

-62 

-35 

-19 

-26 

-1 

-2 

-2 

-4 

-6 

953 

1097 

1252 

1451 

1699 
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TABLE 4-11A(Cont. ) 



1950/1 

1951/2 

1852/3 

. LIGHT DIESEL OIL (LOO) 

1 

2 

3 

PRODUCTION 




From Crude Oi 1 

25 

26 

28 

Balance of External Trade 

♦382 

• 411 

♦ 402 

Stock changes 

-38 

♦ 1 

-14 

International Bunkers 

-17 

-33 

-13 

TOTAL INTERNAL CONSUMPTION 

352 

405 

404 

Consumption for Transformation (Diesel Electric Plant) 

-63 

-73 

-72 

TOTAL INTERNAL FINAL CONSUMPTION 

289 

332 

332 

. FUEL OIL 




PRODUCTION 




From Crude Oi1 

16 

18 

20 

Balance of External Trade 

•887 

♦ 898 

♦ 816 

Stock changes 

• 22 

-37 

-21 

International Bunkers 

-313 

-283 

-227 

TOTAL INTERNAL CONSUMPTION 

592 

816 

588 

Consumption for Transformation (Thermal Electric Plants) 

- 

- 

- 

TOTAL INTERNAL FINAL CONSUMPTION 

592 

616 

5B8 

KEROSENE 




PRODUCTION 




From Crude Oil 

52 

52 

53 

Balance of External Trade 

• 858 

•984 

• 1048 

Stock Changes 

•29 

• 24 

-10 

TOTAL INTERNAL FINAL CONSUMPTION 

939 

1060 

1091 

LIQUIFIED PETROLEUM GAS 




PRODUCTION 




From Crude Oi1 

- 

_ 

_ 

Stock Changes 

- 

- 

- 

TOTAL INTERNAL FINAL CONSUMPTION 

- 

- 

- 


H. NAPHTHA • ALL INDIA 

PRODUCTION 

From Crude 01 I 

Be I anca of External Trade 

Stock Changes 

TOTAL INTERNAL FINAL CONSUMPTION 
I . REFItCRY GAS 
PRODUCTION 
From Crude 01 I 
Ba I ance of External Trade 
Stock Changes 

TOTAL INTERNAL FINAL CONSUMPTION 
i. OTHER PETROLEUM ENERGY PROOUCTS (includes vaporising oil) 


PRODUCTION 




From Crude Oil 

4 

6 

5 

Balance of External Trade 

• 36 

• 31 

♦32 

Stock Changes 

-2 

*2 

-1 

TOTAL INTERNAL FINAL CONSUMPTION 

38 

39 

36 


xRepresents losses and not stock chenges. 
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1853/4 

1954/5 

1 955/6 

1858/7 

1 957/8 

1958/8 



1881/2 

1 962/3 

4 

5 

6 

7 

6 

9 

1 0 

11 

12 

13 

31 

130 

278 

286 

357 

441 

481 

534 

602 

671 

• 408 

♦32 3 

♦ 1 99 

♦221 

♦151 

• 104 

• 127 

• 1 18 

♦ 68 

♦10 

-8 

-21 

-24 

-35 

♦ 1 

-18 

-24 

- 12 

-18 

♦ 

K> 

OO 

-13 

- 1 i 

19 

-25 

- 36 

-28 

-23 

-29 

-28 

-36 

416 

42! 

432 

447 

4 73 

503 

581 

612 

625 

673 

-72 

- 76 

- 77 

-80 

-82 

-91 

-100 

112 

- 1 18 

-119 

344 

3 45 

355 

367 

391 

412 

461 

500 

507 

554 


18 

432 

1 1 07 

1 456 

1602 

1846 

1664 

1865 

1 765 

1906 

792 

•530 

- 75 

-250 

- 1 89 

- 133 

-3 

♦123 

•265 

♦ 413 

•48 

6 ? 

57 

-84 

-98 

-59 

-94 

♦ 1 

-72 

♦39 

248 

-253 

273 

-347 

-390 

-387 

348 

• 407 

-409 

-436 

606 

64? 

702 

775 

925 

1 067 

1218 

1 382 

1549 

1922 

- 

- 

- 

-30 

- 120 

160 

-235 

-276 

-300 

-300 

606 

647 

702 

745 

805 

807 

984 

1 1 08 

1249 

1622 


61 

187 

473 

561 

817 

665 

783 

948 

1053 

1206 

1 142 

♦ 1137 

• 1 056 

• 985 

•1070 

♦ 1 111 

• 1 1 93 

• 1 148 

♦1185 

♦ 1 185 

- 14 

-43 

95 

•3 

-68 

- 106 

-99 

- 94 

-12 

♦ 57 

1 189 

1281 

1434 

1549 

1621 

1670 

1 877 

2002 

2226 

2448 



** 

- 

1 

2 

4 

- | 

6 

9 

1 2 

16 

- 

- 

- 

1 

2 

3 

6 

9 

12 

- 1 

15 










2 

9 









1 

1 

-1 

8 









1 7 

35 









- 3* 

- 1 * 









1 4 

34 

5 

5 

7 

7 

6 

5 

4 

3 

3 

3 

•39 

* 46 

• 47 

♦42 

•40 

• 38 

•3? 

• 19 

• 7 

♦8 

•2 

- 1 

• 1 

♦5 

•2 

- 

-2 

- 

• 7 

♦ 2 

42 

50 

55 

54 

48 

43 

34 

22 

1 7 

13 
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TABLE 4-12 


PETROLEUM ENERGY PRODUCTS - BY STATES 
TOTAL INTERNAL FINAL CONSUMPTION - 1960/1 
( Thousand Tonnas ) 


SI. Motor Aviation l 

No._STATE_Spirit_Jet Fuel HSOO 


1 

2 

3 

4 

5 

1 

Andhra Pradesh 

40 

11 

1 09 

2 

■ Assam (ine1uding NEFA 

Manipur & Tripura) 

60 

7 

28 

3 

West Bengal 

120 

59 

106 

4 

Bihar 

53 

2 

86 

5 

Gujarat 

53 

10 

65 

6 

Jammu t Rashmir 

5 

2 

10 

7 

He rala 

33 

- 

57 

8 

Maharasht ra 

169 

82 

170 

9 

Madhya Pradesh 

41 

B 

76 

10 

Madras (including Pondichary) 

82 

7 

159 

11 

Mysore (excluding Goa ) 

39 

5 

97 

12 

Orissa 

18 

- 

19 

13 

Punjab (including Delhi & 

Himachal Pradesh) 

77 

42 

123 

14 

Ra jas than 

30 

1 

35 

15 

Uttar Pradesh 

51 

40 

112 


ALL INDIA 

851 

276 

1252 

Note: 

The figures above exclude consumption by 

International Bunkers and 

Pr oduc ts 


consumed lor transformation and consumption by the 

Energy Sector. 
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LOO 

Fuel Oi 1 

Kerosene 

LPG 

Other 

(including vapour is ing oil) 

Total Energy 
Products 

6 

7 

8 

9 

to 

11 

30 

27 

140 

- 

1 

358 

22 

61 

80 

- 

2 

260 

27 

08 

215 

- 

2 

637 

19 

74 

165 

- 

2 

401 

95 

66 

152 

- 

2 

443 

- 

- 

5 

- 

- 

22 

6 

72 

80 

- 

1 

249 

121 

r ) 74 

414 

6 

2 

1538 

25 

2 

105 

- 

1 

258 

25 

79 

165 

- 

1 

498 

25 

15 

100 

- 

1 

282 

4 

3 

40 

- 

- 

84 

34 

12 

113 

3 

3 

407 

IB 

8 

45 

- | 

2 

139 

40 

5 

183 

- 

2 

442 

500 

1 1 06 

2002 

9 

22 

6018 
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TABLE 4-13 

PETROLEUM ENERGY PROOUCTS - BY STATES AND BY SECTORS 
TOTAL INTERNAL FINAL CONSUMPTION - I960/I (,)(2) 
( Thoutand Tonnes ) 


SI. 
No. 

STATE 

Motor Sp 

Road Tra¬ 
nsport 

i t i t 

Tote 1 

/tviat ion 
Jet Fuel 

Air tra- 
ntpor t 

t 

Tota 1 

Water 

ways 

Road 
t rent- 
port 

HSOO 

Rail¬ 

ways 

Indu^^ 
st ry 

Agri¬ 
culture 
t other 

1 

Andhra Pradesh 

40 

40 

11 

11 

- 

94 

4 

4 

7 

2 

Attain (including NEFA, 











Mam pur and Tripura) 

60 

60 

7 

7 

— 

17 


7 

4 

3 

Vett Bengal 

120 

120 

39 

59 

2 

66 

- 

27 

11 

4 

Bihar 

53 

53 

2 

2 

- 

8 

41 

30 

7 

5 

Gujarat 

53 

53 

10 

10 

- 

48 

2 

5 

10 

8 

Jemeu t Kashmi r 

5 

5 

2 

2 

- 

9 

- 

- 

1 

7 

Kerala 

33 

33 

-■ 

- 

2 

45 

- 

2 

8 

8 

Maharashtra 

169 

169 

82 

82 

1 

105 

2 

49 

13 

0 

Madhya Pradesh 

41 

41 

8 

8 

- 

56 

- 

13 

7 

10 

Madras (including Pondichery 

: 82 

62 

7 

7 

- 

147 

- 

5 

7 

11 

Mysore (including Goa ) 

39 

39 

5 

5 

1 

85 

- 

3 

8 

12 

Or itaa 

18 

18 


- 

- 

14 

- 

2 

3 

13 

Punjab (including Delhi 











t Himachal Pradesh) 

77 

77 

42 

42 

*- 

92 

3 

13 

15 

14 

Rajasthan 

30 

3U 

1 

1 

- 

29 

1 

5 

- 

13 

Uttar Pradeah 

51 

51 

40 

40 

- 

80 

10 

1 0 

12 


ALL INDIA 

851 

851 

276 

276 

6 

895 

63 

1 75 

1 13 


Note: (1) The figures above 

exclude consumption by 

Internal ion Bunkers 

and 

the 





Energy sector but 

i nc ludes the 

consumpt i 

on for t ran$forma 11 on. 






(3) A further breakdown between industrial sectors will 

be found 

t o r 

All India 





in Table 4-31 
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LOO 


Fuel Oil 


Re rottne 


Total 

Water 

ways 

Power(^) indu^^ 

gene- stry 

ration 

Agri¬ 
cult¬ 
ure l 

other 

Total 

Water 

ways 

Power< 5 ) Rai 1 

gener- ways 

at ion 

lndu^ 3) 

stry 

Total 

Indu 

stry 

^ 3 ^Dome¬ 
stic 

Total 

109 

- 

2 

17 

13 

32 

3 

1 

- 

24 

28 

- 

140 

140 

28 

- 

5 

10 

12 

27 

- 

1 

- 

81 

62 

- 

60 

60 

106 

i 

3 

15 

11 

30 

1 

2 

1 

106 

110 

2 

213 

215 

86 

i 

13 

12 

6 

32 

- 

1 

2 

72 

75 

2 

163 

165 

65 

- 

17 

64 

31 

112 

- 

18 

- 

86 

84 

1 

151 

152 

10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5 

5 

57 

i 

- 

3 

2 

6 

14 

- 

- 

58 

72 

- 

80 

80 

170 

2 

22 

81 

38 

143 

50 

241 

- 

524 

815 

7 

407 

414 

76 

- 

9 

13 

12 

34 

f-M! 

1 

- 

2 

3 

1 

1 04 

105 

158 

- 

- 

20 

5 

25 

9 

8 

3 

07 

87 

2 

163 

165 

97 

- 

8 

14 

11 

33 

- 

- 

- 

15 

15 

1 

99 

100 

19 

- 

1 

2 

2 

5 

- 

- 

- 

3 

3 

- 

40 

40 

123 

- 

13 

22 

12 

47 

- 

1 

- 

12 

13 

2 

111 

113 

35 

- 

1 1 

7 

11 

29 


1 

- 

8 

9 

- 

45 

45 

112 

1 

8 

26 

22 

57 

- 

1 

1 

4 

8 

2 

181 

183 

1252 

8 

112 

30G <4) 

188 

812 

77 

276 

7 

1022 

1382 

20 

1982 

2002 


(2) Vapourising oil shown in col. 10 Tab I a 4-12 is used in agricultural sactor only 
75% IPG shown in col. 0 Tabla 4-12 is usad in Domestic sactor and 25% in 
Commercial sector. 3 

(4) Probably includes about 19 x I O' 3 tonnes conaumad by auto producers for 
general ion of Electricity. 

(5) These quantities are not included in Table 4-12. 
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TABLE 4-14 


BLAST FURNACE CAS - ALL INDIA 

(Million Cub i c Met res ) 

PRODUCTION - TRADE - TRANSFORMATION - CONSUMPTION 



1953/4 

1854/5 

PRODUCTION 

3898 

4207 

Total Internal Consumption 

3899 

4207 

-Consumption for transformation 
t he rma 1 electric plants 

891 

788 

TOTAL INTERNAL FINAL CONSUMPTION 

3208 

3438 

BREAKDOWN OF INTERNAL FINAL CONSUMPTION 

A. CONSUMPTION BY THE ENERGY SECTORS 



Coke Ovens (Steel Plants) 

874 

534 

Losses 

192 

240 

B. CONSUMPTION BY THE OTHER SECTORS 



1 ndust ry 

2342 

2665 

Of which: Iron & Steel (Steel Plants). 

2342 

2865 

TOTAL INTERNAL FINAL CONSUMPTION 

3208 

3439 


TABLE 4-15 

BLAST FURNACE GAS - 1980/1 - BY STATES 
(Million Cubic Metres } 

PRODUCTION - TRADE - TRANSFORMATION - CONSUMPTION 



gpff 

India 

Andhra 

Assam 

West 
Benga 1 

Bihar 

PRODUCTION 

1 2086 

- 

- 

4679 

3893 

Total Internal Consumption 

12088 

- 

- 

4679 

3893 

— Consumption for Transformation 

Thermal Electric Plants 

2337 

- 

~ 

H23 

383 

TOTAL INTERNAL FINAL CONSUMPTION 

9749 

- 

- 

3356 

3830 


BREAKDOWN 

OF INTERNAL FINAL 

CONSUMPTION 

A. CONSUMPTION BY THE ENERGY SECTORS 

COKE OVENS (Steel Plants) 

1910 

- 

- 

344 

11 64 

Losses 

1755 

- 

- 

1065 

60 

B. CONSUMPTION BY THE OTHER SECTORS 

Indust ry 

6 084 

- 

- 

1847 

2386 

o f wh i ch: 1ron & Stee1 

(Steel Plants) 

6 084 

- 

- 

1947 

2386 

TOTAL INTERNAL FINAL CONSUMPTION 

9749 

- 

- 

3356 

3630 


Z54 



195 5/6 

1958/7 

1957/8 

1958/9 

1959/60 

1960/1 

1961/2 

1962/3 

4030 

4063 

4239 

5233 

7879 

12086 

14768 

16447 

4 030 

4063 

4239 

5233 

7879 

12086 

14768 

16447 

723 

718 

668 

1130 

1 688 

2337 

2896 

3134 

3307 

3345 

357 1 

41 03 

6193 

9749 

11872 

13313 


619 

594 

734 

771 

1220 

1910 

3110 

3719 

219 

308 

491 

858 

1 088 

1755 

1141 

1218 


2469 

2443 

2346 

2874 

3885 

6084 

762 1 

8378 

2469 

2443 

2346 

2674 

3885 

6084 

7821 

8Q76 

3307 

3345 

3571 

41 03 

6193 

9749 

11872 

13313 


Madhya Uttar 

Gujarat Maharashtra Pradesh Madras Mysore Orissa Pu njab Rajasthan Pradash 

2050 - - 1 364 - 

2050 - - 1364 - 

1 83 - - 468 - - - 

1867 - - 896 - 


232 - - 150 

211 - - 419 

1424 - - 327 

1 424 - - 327 

1867 - - 896 


Da I h i 
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TABLE 4-16 


GAS WORK GAS, COKE OVEN GAS. MERCHANT COKE OVEN GAS - ALL INDIA 

( Million Cubic Mat re* ) 

PRODUCTION - TRADE - TRANSFORMATION - CONSUMPTION 
__1853/4 1954/5 


PRODUCTION 


836 

929 

Of which: Gas Works, 


50 

50 

Merchant coke oven 


90 

80 

Coke Oven 


696 

799 

TOTAL INTERNAL CONSUMPTION 


838 

929 

-CONSUMPTION FOR TRANSFORMATION 

THERMAL ELECTRIC PLANTS FROM: 

Coke Oven gas 


34 

35 

Merchant coke 

oven gas 

- 

- 

TOTAL INTERNAL FINAL CONSUMPTION 


802 

894 

BREAKDOWN OF 

INTERNAL 

FINAL CONSUMPTION 

A.CONSUMPTION BY THE ENERGY SECTOR 

Merchant Coke Ovens 


20 

20 

Losses 


130 

126 

B.CONSUMPTION BY THE OTHER SECTORS 

INDUSTRY 


602 

698 

Of which: Iron ( Steel /? * 

(Steel Plants) 


602 

698 

DOMESTIC 


50 

50 

TOTAL INTERNAL FINAL CONSUMPTION 


802 

894 


(1) Sea footnote (I) in Table 4-17 

(2) This includes coke oven ges used for underfiring of coke ovens in the 
Steel Plants as the separate figures for this are not available. 

( ) Estimated 
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1 955/6 1 956/7 1957/8 1958/9 1 959/60 1 960/1 1 961 /2 1 962/3 


893 

B5P 

91 7 

1 161 

50 

50 

50 

60 

90 

90 

130 

140 

753 

711 

737 

961 

893 

m 

917 

1161 

6 

- 

- 

25 

CO 

CD 

1 

656 

917 

1136 


20 

20 

30 

30 

156 

13/ 

188 

247 


661 

649 

649 

799 

661 

649 

649 

799 

50 

60 

50 

60 

887 

856 

917 

1136 


1530 

2239 

2629 

2918 

60 

60 

60 

60 

160 

220 

278 

308 

1310 

1959 

2291 

2550 

1530 

2239 

2629 

2918 


64 

139 

116 

1 04 

28 d ) 

28 (!) 

(28) 

(32) 

1438 

2 072 

2485 

2782 


30 

40 

60 

60 

269 

411 

625 

592 


1 079 

1561 

1740 

2 07 0 

1 079 

1561 

1740 

2070 

60 

60 

60 

60 

1438 

2 072 

2485 

2782 


TABLE 4-17 

GAS WORKS GAS. COKE OVEN GAS, MERCHANT COKE OVEN GAS - 1960/1 - BY STATES 

( Million Cubic Metres ) 

PRODUCTION - TRADE - TRANSFORMATION - CONSUMPTION 



A1 1 
India 

Andhra 

Asian 

West 

Bengal 

PRODUCTION 

2238 

- 

- 

915 

Of which: Gas Works 

80 

- 

- 

30 

Merchant coka ovens 

220 

- 

- 

110 

Coke ovens 

195 9 

- 

- 

775 

TOTAL INTERNAL CONSUMPTION 

2239 

- 

- 

919 

-CONSUMPTION FOR TRANSFORMATION 

THERMAL ELECTRIC PLANTS FROM: 

Coke Oven gas 

139 



58 

Merchant coke ovens 

29 

- 

- 

28° 

TOTAL INTERNAL FINAL CONSUMPTION 

2072 

— 

_ 

831 


BREAKDOWN OF INTERNAL FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENERGY SECTOR 


Merchant Coke Ovens 

40 

- 

- 

20 

Losses 

CONSUMPTION BY THE OTHER SECTORS 

411 

- 

- 

138 

INDUSTRY 

01 wh ich: 1 ron & Steel . 

1581 

- 

- 

643 

(Steel Plants )' z ' 

DOMESTIC 

TOTAL INTERNAL FINAL CONSUMPTION 

1561 

60 

— 

- 

843 

30 

2072 

- 

- 

831 


(1) Originally estimated. Sine, checked that no gas wa, used for power 
generation; 28 million cubic metree shown here may be treated as losses. 

(2) This include. Coke Oven gas used for underfiring of coke ovens in Steel 
Plants as the separate figures for this are not available. 
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Bihar 

8u)aia t 

Maha- 
raaht ra 

Madhya 

Pradaah 

Madraa Myaara 

Or ilia 

Punjab 

Pajaathan 

Uttar 

Pradaah 

76 B 

- 

30 

30 

288 

- 

238 

: 

- 

“ 

110 

858 

- 

_ 

288 

— “ 

238 

_ 

_ 

_ 

768 

- 

30 

288 

- 

238 

- 

“ 


- 

- 

- 

18 


85 

- 

- 

- 

766 


30 

270 


173 

_ 

_ 

.. 


20 

- 

- 

- 

- 

- 

- 

- 

- 

- 

224 

- 

- 

21 

- 

- 

28 

- 

- 

- 

524 

- 

- 

240 

- 

wig 

145 

- 

- 

- 

524 

- 

3ft 

30 

249 

- 

- 

145 

- 

- 

- 

788 

_ 

270 

- 


173 

- 

- 

- 


0 * 
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UTILITY 

TABLE 4-16 

ELECTRICITY - ALL INDIA 
(Mi 11 ion kWh) 

1 951 1952 

1 2 

1953 

3 

1954 

4 



PRODUCTION - 

TRADE - 

CONSUMPTION 

PRODUCTION (GROSS) 

Hyd ro 

2859. 7 

2799.1 

2913.9 

3236.5 

Diesel 

219.6 

218.8 

210.5 

227.3 

The ritia 1 

2779. 1 

3102.4 

3572.8 

4057.8 

Of which: Coal 

2779. 1 

3102.4 

3572.8 

4057.9 

Fua 1 oil 

- 

- 


_ 

Gas 

- 

_ 

. 

_ 

TOTAL PRODUCTION 

5858.4 

6120.3 

8897.2 

7521.7 

Purchase from Non-Utilities 

17.7 

83.1 

66.5 

25.1 

TOTAL INTERNAL FINAL CONSUMPTION 

5878.1 

6203.4 

6763.7 

7548.8 


BREAKDOWN OF 

INTERNAL FINAL CONSUMPTION 

A. CONSUMPTION BY THE ENERGY SECTOR 

1224.2 

1353.2 

1368.0 

14B3.5 

Coa 1 Mines & Washeries 

141 .4 

155.4 

181.4 

189.2 

Oil Fie Ids & Refineries 

- 

- 

— 


Power Station Consumption 

218.3 

235.4 

272.8 

311.0 

Transmission & Distribution losses 

864.5 

962.4 

913. 8 

883.3 

B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION 

410. 0 

439.8 

485.1 

511.4 

Of which: Rai Iways 

357. 1 

383.6 

432.3 

453.8 

T ramways 

52. 9 

56.0 

52.8 

57.8 

INDUSTRY 

2832.9 

2936.2 

3305. 1 

3753.7 

Of which: Mining & Quarrying 

(Gold only) 

1 10.4 

119.0 

104.6 

103.8 

Fertilizer 


41.5 

39.0 

44.4 

Heavy Chemicals 

mi 

19.3 

26.7 

29.4 

Cement 

97. 8 

105.0 

104.2 

138.6 

1ron & Steel 

1 08. 7 

102.4 

120.6 

215.6 

Non-fe r rous 

60.2 

65.5 

49. 1 

79.1 

Textiles 

1280. 3 

1313.6 

1450.0 

1579.7 

Otha r 

1109.8 

1169.9 

1410.7 

1563.1 

AGRICULTURE 

203. 0 

215.2 

214.1 

231 .4 

DOMESTIC 

595 . 0 

628.9 

690.5 

759.2 

COMMERCIAL 

331.5 

336.6 

399. 1 

446.2 

GOVERNMENT 

279.5 

293.7 

321.6 

361 .4 

TOTAL INTERNAL FINAL CONSUMPTION 

5876. 1 

6203.4 

6783.7 

7546.8 


( ) Estimated figures. 


1955 

5 

1950 

6 

1 957/8 

7 

1 958/9 

8 

1959/60 

9 

1960/1 

10 

1961/2 

1 1 

1962/3 

12 

3742.2 

4294.9 

5 072.2 

5848.1 

7027.4 

7763.6 

9814.4 

11804.5 

231.4 

233.4 

254.4 

298.1 

327. 1 

366.7 

379.7 

383. 6 

4618.9 

5133.9 

6 0 42.5 

6847.7 

7678.4 

8724.3 

9475.9 

10176.9 

4618.9 

5026.9 

5672.5 

6269.7 

6946.4 

7905.2 

8711.4 

9165.4 

- 

(107.0; 

( 370. 0) 

(578.0) 

(732.0) 

819.1 

764.5 

803.3 

- 


- 

- 

- 



208.2 

8592.5 

9662 . 2 

1 1 369. 1 

12993.9 

15032.9 

16854.6 

1 9870.0 

22365.0 

17.2 

18 6 

40.4 

35.2 

34.4 

224.1 

367.4 

471.2 

8609.7 

9680.8 

1 1409.5 

13029.1 

15067.3 

1 7078.7 

20037.4 

22836.2 


1694.9 

194 0.6 

2239.7 

2577.9 

2967.4 

3550. 4 

3928.7 

4505.3 

2 05.2 

219.2 

260.3 

267.5 

256.0 

262.0 

277.3 

284.4 

- 


- 

- 

60. 0 

58.6 

62.4 

63.6 

339.4 

386 4 

455.5 

539.8 

600.7^ 

693.3 

813.6 

912.6 

1159.3 

1335 0 

1 523.9 

1 770.6 

2059.7 

2536.5 

2775.4 

3244.7 


555.3 

583 1 

621 .3 

674.0 

708.1 

722.6 

759.3 

780.4 

496. 1 

525 0 

563. 0 

020.3 

652.3 

664.5 

701.2 

722.3 

59.2 

57 5 

58.3 

53.7 

55.8 

58.1 

58.1 

58.1 

4340.6 

4970 0 

5769.5 

6724.2 

7872.0 

9003.3 

11030.9 

12705.5 

102.9 

107 4 

1 14.2 

117.1 

116.3 

113.0 

112-2 

110.3 

47.9 

51 9 

46.9 

52.8 

53.7 

95.9 

918.0 

1170.7 

59.8 

75 2 

78.9 

109.9 

204.0 

248.2 

274.7 

326.6 

137.8 

158 2 

215.6 

255.9 

337.0 

441.8 

518.3 

589.5 

369.6 

460 G 

529.0 

626.7 

839.0 

1101.0 

1571.5 

1777.8 

139. 0 

155 2 

176.9 

224.2 

384.3 

403.7 

426.8 

569.2 

1 745.0 

1962 1 

2045.3 

2222,5 

2430.1 

2469.2 

2570.7 

2849.0 

1738.6 

1 955 4 

2562. 7 

3115.1 

3507.6 

4130.5 

4638.7 

5312.4 

254.8 

316 2 

565.8 

583.5 

754.0 

832.9 

991 .1 

1103.4 

850.4 

934 1 

1094.6 

1238.0 

1378.5 

1492.3 

1698.1 

1917.8 

514.4 

545 9 

611.5 

682.8 

766.2 

847.8 

934. 1 

1 048.4 

390.3 

434 9 

5 07. 1 

548.7 

612.1 

029.4 

695.2 

775.4 

8609.7 

9680 8 

1 1 4 09.5 

13029.1 

15067.3 

1 707B.7 

20037.4 

22836.2 
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IftDLE 4-18 

UTILITY ELECTRICITY - 1980/1 - BY STATES 
(Million kWh) 



Ai 1 

1 nd ia 

Andaman 
& Nico¬ 
bar 

Andhra 

Pradesh 

Assam in¬ 
cluding 
Manipur t 
Tripura 

Bihar 

Gujarat 

Jammu 

A 

Kashmir 


1 

2 

3 

4 

5 

6 

7 




- 


PRODUCTION - 

TRADE - CONSUMPTION 

PRODUCTION (GROSS) 

Hydro 

7763,8 


748.8 

20.9 

143.7 

— 

43.5 

Diesel 

368.7 

- 

5.5 

17.0 

43.8 

62.3 

0.1 

The mol 

8724.3 

1.5 

145.8 

- 

1408.5 

1209.1 

- 

TOTAL PRODUCTION 

16854.6 

1.5 

900.1 

37.9 

1598.0 

1271.4 

43.6 

Purchase from Non-Utilities 

224.1 

- 

- 

- 

175.9 

1.0 

- 

Balance of External Trade 
(Interstate sales) 

— 

— 

-121.1 

— 

-446.9 

— 

♦ 17.5 

TOTAL INTERNAL FINAL 
CONSUMPTION 

17078.7 

1.5 

779.0 

37.9 

1325.0 

1272.4 

81.1 





BREAKDOWN 

OF INTERNAL 

FINAL CONSUMPTION 

1. CONSUMPTION BY THE ENERGY SECTOR 

3530.4 

0.3 

228.7 

7.3 

557.1 

289.1 

10.0 

Coa1 Mines S Washeries 

282 .0 

- 

5.4 

- 

121.5 

- 

- 

Oilfields & Refineries 

58.8 

— 

15.9 

— 

— 



Power Station Consumption 

893.3 

0.2 

23.3 

1 .3 

99.6 

82.3 

0.5 

Transmission & Distribution 

2538.5 

°K 

184.1 

6.0 

336.0 

208.8 

9.5 

1. CONSULT ION BY OTHER SECTORS 








TRANSPORTATION 

722 .8 


14.2 

3.9 

22.4 

18.7 

- 

Of which: 

Rai Iways 

864.5 

_ 

14.2 

3.9 

22.4 

18.7 

- 

Tramways 

38.1 

- 

- 

- 

- 

- 

- 

INDUSTRY 

Of which: Mining & Quarrying 

9003.3 

113.0 

0.6 

358.0 

8.1 

637.1 

788.8 

22.1 

(Gold only) 

— 

- 

— 

— 

— 

— 

Fe r ti1izer 

95.9 

- 

Hfl - 

- 

- 

- 

- 

Heavy Chemical 

248.2 

- 

- 

- 

2.4 

13.8 

- 

Cement 

441 .8 

- 

47.7 

- 

122.8 

44.0 

- 

1ron & Stee1 

1101 .0 

- 

19.9 

- 

371.5 

- 

- 

Non-Ferrous 

403.7 

- 

- 

- 

29.3 

- 

- 

Tex tiles 

2489.2 

- 

48.1 

- 

1.4 

454.7 

0.1 

Other 

4130.5 

0.6 

244.3 

8.1 

109.9 

276.5 

22.0 

AGRICULTURE 

832 .9 

- 

54.8 

- 

18.3 

19.6 

0.7 

DOMESTIC 

1492.3 

0.4 

70.8 

11.0 

44.3 

71 .6 

22.5 

COMMERCIAL 

847.8 

0.1 

30.2 

4.4 

29.9 

31.7 

1.0 

GOVERNMENT 

629.4 

0. 1 

22.3 

3.2 

15.9 

54.9 

4.8 

TOTAL INTERNAL FINAL 

CONSUMPTION 

17078.7 

1.5 

779.0 

37.9 

1325.0 

1272.4 

61.1 
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rala 

Maha- 
rasht ra 

Madhya 

Pradash 

Madras 
includ¬ 
ing Pon¬ 
dicherry 

Mysore 

Orissa 

Punjab 
i nc 1 ud i ng 

H imacha 1 
Pradesh & 
Delhi 

Rajasthan 

Uttar 

Pradesh 

Nest 
Benga 1 

8 

9 

10 

11 

12 

13 

M 

15 

16 

17 


81.8 

1365.0 

23.3 

1782.8 

1 003.4 

483.8 

966.5 

- 

440.1 

160.0 

- 

08.3 

24.1 

- 

19.3 

6.0 

47.9 

38.1 

26.1 

8.2 

- 

1834. ) 

429.6 

418.0 

- 

- 

278.8 

82.2 

786.2 

2150.1 

81.8 

3268.0 

477.0 

2200.8 

1 022.7 

489.6 

1293.0 

100.3 

1252.4 

2310.3 

- 

2.1’ 

- 

- 

- 

44.8 

- 

0.2 

- 

- 

6.3 

-31.4 

+ 27.0 

-25.3 

♦ 50.0 

♦ 35.0 

-35.7 

♦ 22.7 

- 

♦471.9 

18.1 

3238.8 

504.0 

2175.5 

1 072.7 

569.6 

1257.3 

123.2 

1252.4 

2790.2 


24.9 

581.7 

112.3 

442.4 

178.3 

73.0 

297.5 

29.5 

276.6 

363.7 

- 

1.8 

14.1 

- 

- 

2.0 

- 

- 

- 

117.2 

- 

41.7 

- 

- 

- 

a, 

- 

- 

- 

1.0 

16.9 

135.0 

31.0 

62.5 

14.8 

3.7 

26.7 

4.3 

59.6 

130.7 

01.0 

382.3 

67.2 

379.9 

161.5 

67.3 

270.8 

25.2 

217.0 

114.8 


2.4 

355.5 

7.7 

50.4 

6.3 

1.6 

24.2 

8.1 

39.8 

169.4 

2.4 

345.5 

7.7 

50.4 

6.3 

1.6 

24.2 

8.1 

39.8 

121.3 

- 

10.0 

- 

- 

- 

- 

- 

- 

- 

48.1 

01.3 

1792.4 

279.5 

931.7 

887.0 

464.2 

480.0 

20.6 

464.1 

1667.8 

- 

- 

— 

- 

113.0 

SSMW— 

- 

— 

_ 

_ 

88rO 

- 

- 

- 

27.9 

- 

- 

- 

- 

- 

43.4 

46.4 

- 

28.9 

0.7 

- 

1.8 

- 

1 .4 

107.6 

8.2 

5.2 

4.8 

118.7 

6.2 

36.9 

39.0 

- 

1 .0 

7.5 

- 

72.2 

115.7 

4.0 

279.7 

107.8 

- 

- 

9.4 

120.8 

30.6 

2.9 

0.1 

- 

- 

220.4 

- 

- 

- 

20.2 

8.4 

884.2 

38.7 

228.3 

52.0 

0.4 

37.0 

5.7 

147.1 

587.1 

42.5 

799.5 

122.2 

551.8 

207.5 

98.7 

402.2 

14.9 

305.2 

824.6 

18.3 

14.8 

3.9 

389.0 

28.7 

0.8 

79. 8 

3.6 

200.0 

0.6 

51.1 

261 . i 

45.4 

155.7 

75.3 

18.3 

167.9 

20.7 

122.7 

353.5 

3.9 

198.3 

20.8 

158.8 

21.3 

7.9 

135.0 

15.9 

74.8 

115.6 

16.2 

55.0 

34.4 

49.5 

77.8 

3.8 

72.9 

24.8 

74.4 

119.4 

18.1 

3236.8 

504.0 

2175.5 

1072.7 

569.6 

1257.3 

123.2 

1 252.4 

2790.2 
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TABLE 4-20 


NON-UTILITY ELECTRICITY (SELF-GEfCRAT ION) - ALL INDIA 

(Mi I I ion kWh) 



1951 

1952 

1953 

1954 


1 

2 

3 

4 


PRODUCTION - TRADE - CONSUMPTION 

TOTAL PRODUCTION^ ) 

1732.3 

1 962.6 

2066.3 

2122.1 

- Sales to Utilities 

-17.7 

-83.1 

-86.5 

-25.0 

TOTAL INTERNAL FINAL CONSUMPTION 

1714.e 

1879.5 

1979.8 

2097.1 

A. CONSUMPTION BY THE ENERGY SECTOR & 

BREAKDOWN OF 

LOSSES 

INTERNAL 

FINAL CONSUMPTION 

Coal Mines 

120.9 

125.7 

126.0 

124.8 

Oilfields & Refineries 

B. CONSUMPTION BY THE OTHER SECTORS 

TRANSPORTATION 





RaiIways 

76.B 

79.0 

82.4 

67.4 

INDUSTRY 

Of which: Mining & Quarrying 

1 449.3 

1 580.7 

1687.5 

1798.8 

(Gold only) 

- 

— 

0.4 

— 

Fertilizer 

42.4 

145.6 

230.7 

246.9 

Heavy Chemical 

45.0 

44.7 

50.4 

51.3 

Cement 

261.6 

293.9 

320.7 

340. 7 

Iron & Steel 

457.8 

46 0.2 

439.7 

479. 1 

Non -fe r rous 

91. 7 

83.4 

86.8 

98.2 

Text i les 

326.5 

319.7 

323.9 

328.3 

Other 

224.3 

233.2 

234.9 

254.3 

OTHER SECTORS 

67.6 

94.1 

83.9 

106.1 

TOTAL INTERNAL FINAL CONSUMPTION 

1714.6 

1 879.5 

1979.8 

2097.1 


(1) Includes the generation at Durgapur (West Bengal) Coke oven plant; major 
steel plant, Hindusthan Aluminium Plant and Neyveli The rma I S t a t i o n from 
the year ot operation 

(2) Of which Tnermal is 3239.6 and diesel 53.0 GWh 

(3) Actually 224.1 GWh were sold to the utilities. The difference is due to non- 
reporting by some industries. 
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1955 

1956 

1 957/8 

1 958/9 

1959/60 

1 960/1 

1961/2 

1 962/3 

5 

6 

7 

8 

9 

10 

11 

12 

2278.4 

2287.9 

2386.8 

2528.1 

2881 .1 

3292.6 (2) 

3567.2 

3941.5 

•1 7.3 

-1 0.6 

-38.9 

-30. 0 

-21 .4 

-217.9 (3) 

-367.4 

-471.2 

2261 .1 

2269.7 

2347.9 

2498.1 

2859.7 

3074.7 

3199. 9 

3470.3 





157.4 

161.3 

180.6 

218.6 

126.7 

133.2 

129.9 

132.1 

145.4 

148.1 

165.2 

202.1 

- 

- 

- 

- 

12.0 

13.2 

15.4 

16.5 


93.6 

78.4 

98.5 

1 07.4 

120.2 

106.5 

79.1 

79.1 

1 920.6 

1982.1 

1979.4 

2092.0 

2384.4 

2597.3 

2940.2 

3172.6 

- 

- 

0 . 1 

0 . 1 

0 . 1 

0.1 



274.6 

283.4 

282.9 

319.6 

350.8 

361 .3 

375.9 

431 .1 

61 .2 

71 > 

80.0 

88.7 

120.4 

156.1 

330.2 

309.9 

345.9 

401 . 1 

417.2 

499.5 

513.9 

494.6 

465.2 

424.7 

400.8 

359. 3 

■ 375.6 

408. 4 

588.0 

702.7 

772.3 

945.0 

94.8 

85.4 

78.8 

90.3 

91.9 

84.9 

89.9 

78.6 

398.1 

114. 1 

385.0 

365.3 

371.2 

378. 7 

371.5 

369.2 

345.2 

365.6 

359. 8 

320.1 

348.1 

398.9 

535.2 

614.1 

120.2 

75.a 

140.1 

166.6 

197.7 

209.6 

- 

- 

2261 .1 

2269.3 

2347.9 

2498.1 

2859.7 

3074.7 

3199.9 

3470.3 
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TABLE 4-21 


NON-UTILITY ELECTRICITY (SELF-GENERATIN9) - 1960/1 - BY STATES 

(Million kWh) 

Alton in- 



A1 1 
India 

Andhra 

Pradaih 

eluding 
Manipur 
Tripu ra 
NEFA 

1 

& 

Bihar 

Gujarat 

Jaeeu 

t 

Kathair 


1 

2 

3 


4 

5 

6 




PRODUCTION - TRADE - CONSUMPTION 

TOTAL PRODUCTION 

3292.8 

151.5 

19.3 


1067.6 

97.6 

- 

- So In to Ut i 1 i t in 

-217.9 

- 

- 


-175.9 

- 

- 

TOTAL INTERNAL FINAL CONSULT ION 

3074.7 

151.5 

19.3 


891.7 

97.8 

- 




BREAKDOMN 

OF 

INTERNAL 

FINAL CONSUMPTION 

A. CONSUMPTION BY THE ENERSY 

SECTOR t LOSSES 








Coal Minot 

148.1 

54.0 

- 


80.8 

- 

- 

01 If 1 • Ids t Rifinoriot 

13.2 

- 

13.2 


- 

- 

- 

B. CONSUMPTION BY 

OTHER SECTORS 








TRANSPORTATION 








Ri1looyo 

108.3 

0.1 

5.8 


18.9 

7.8 

- 

INDUSTRY 

2597.3 

N.S 

- 


810.B 

88.4 

- 

Of which: Mining 9 Quarrying 
(Bold oq 1y) 

0.1 

- 

- 


- 

- 

- 

Fertilizer 

381.3 

- 

- 


381 .2 

- 

- 

Hoavy Chanical 

158.1 

- 

- 


- 

- 

- 

Caean t 

494.8 

- 

- 


135.7 

47.3 

- 

Iron t Stall 

702.7 

- 

- 


248.5 

- 

- 

Non-Farrout 

84.9 

- 

- 


18.4 

- 

- 

Tut 1 In 

378.7 

10.5 

- 


12.3 

42.1 

- 

Othar 

398.9 

53.1 

- 


14.7 

- 

- 

OTHER SECTORS 

209.8 

33.8 

0.3 


1 .4 

0.6 

- 

TOTAL INTERNAL FINAL CONSUMPTION 

3074.7 

151.5 

19.3 


891.7 

97.8 

- 
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Madras in- Punjab 


Kara la 

Maha- 
rasht ra 

Madhya 

Pradash 

eluding 
Pond i - 
cherry 

Mysore 

Oritsa 

including 
Himacha1 
pradash & 
Delhi 

Rajasthan 

Uttar 

Pradash 

West 
Benga 1 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

0.6 

164.9 

240.6 

33.5 

109.2 

301.8 

176.8 

145.3 

160.8 

823.1 

- 

-2.1 

- 

- 


-39.9 

- 

- 

- 

- 

0.6 

162.8 

240. S 

33.5 

109.2 

261.9 

176.8 

145.3 

160.8 

623.1 


- 

— 

21.9 

— 

- 

4.1 

- 

— 


7,5 

_ 

_ 

_ 

__ 

_ 

__ 

_ 

_ 


_ 


- 

8.2 

2.9 

1.9 

1 .8 

0.1 

0.2 

11.0 

22.8 

25.2 

0.8 

154.6 

207. 1 

31.6 

1 06.4 

0.1 

257.7 

178.6 

134.0 

137.9 

427.0 

- 

51.9 

- 

- 

- 

- 

51.1 

0.1 

27.5 

25.B 

- 

1.0 

61.8 

0. 1 

55.4 

- 

38.1 

122.4 

32. B 

- 

— 

— 

84.2 

— 

— 

175.4 


0.2 

0.2 

104.2 

66.5 

0.4 

68.7 

56.9 

24.3 

20.0 

10.4 

59.2 

10.7 

0.5 

53.7 

0.2 

33.0 

4.2 

7.2 

30.9 

71.9 

28.2 

0.6 

67.9 

87.0 

- 

- 

8 . 7 

- 

1.0 

- 

- 

0.3 

0.1 

163.4 

1.6 

162.8 

240.6 

33.5 

109,2 

261.9 

178.8 

145.3 

180.8 

623.1 
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1. Coking CoaI 

2. Blast Furnace Gas 

3. Coke Oven Gas 


TABLE 4-22 


THERMAL AND DIESEL ELECTRICITY 
GENERATION - 1 960/1 - ALL INDIA 


Fuel Inputs 
UTILITIES 

FueI Inputs Elect r icity 

Gene r a t i on 

TWh 


NON-UTILITIES 
(Auto Producers) 

Fuel Input s Electricity 

Generat ion 

TWh 


0.60 (l ) 

million tonnes 

2337 million 
m 3 

1 39 mi 11 ion 
„3 


0.95 
^(Stee I 


Plants) 


(1) 0.47 mt ♦ 0.13 mt (cf. footnote 5 in Table 4-2) 

(2) Total input under utility and non-utility is 8.73 
million tonnes of which 8.62 million tonnes is 
accounted for in Tahle 4-4 and 0.11 million tonnes 


TABLE 4-23 

UTILITY ELECTRICITY ♦ NON-UTILITY ELECTRICITY - ALL INDIA 
Million kWh 

_1 951 1 952 1 953 1954 


12 3 4 

PRODUCTION - TRADE - CONSUMPTION 


TOTAL PRODUCTION (GROSS) 

7590.7 

8082.9 

8763.5 

9643.8 

TOTAL INTERNAL FINAL CONSUMPTION 

7590.7 

8082.9 

8763.5 

9643.9 

BREAKDOWN OF 

INTERNAL 

FINAL CONSUMPTION 

A. CONSUMPTION BY THE ENERGY SECTOR 

1 345. 1 

1 478.9 

1494.0 

1608.3 

Coa 1 Mines & Washer ies 

262.3 

281 .1 

307.4 

314.0 

Oi 1 f ields & Refineries 

- 

- 

- 

- 

Power Stations Consumption 

218.3 

235.4 

272.8 

311.0 

Transmission & Distribution Losses 

864.5 

962.4 

913.8 

983.3 

B. CONSUMPT 1 ON BY OTHER SECTORS 

TRANSPORTATION 

4 8 6.8 

518.6 

567.5 

578.8 

Of wh ich : Ra i Iways 

433. 9 

462.6 

514.7 

521.0 

T ramways 

529 

56.0 

52.8 

57.8 

INDUSTRY 

Of which: Mining & Quarrying 
(Gold only) 

119.4 

119.0 

1 05.0 

1 03.8 

Fertilizer 

82.0 

187.1 

269.7 

291.3 

Heavy Chemical 

62.1 

64.0 

77.1 

80.7 

Cement 

359. 4 

398.9 

424.9 

479.3 

Iron & Steel 

566.5 

562.8 

560.5 

694.7 

Non-Fe r rous 

151 .9 

148.9 

135.9 

177.3 

Text i 1 es 

1606.8 

1633.3 

1773.9 

1 908.0 

Ot he r 

1334.1 

1403.1 

1645.6 

1817.4 

TOTAL INDUSTRY 

4202.2 

4516.9 

4992.6 

5552.5 

AGRICULTURE 

203.0 

215.2 

214.1 

231.4 

DOMESTIC 

595.0 

62 8.9 

690.5 

759.2 

COMMERCIAL 

331 .5 

336.6 

399.1 

446.2 

GOVERWENT 

279.5 

293.7 

321 . 8 

361.4 

OTHER 

67.6 

94.1 

83.9 

1 06.1 

TOTAL INTERNAL FINAL CONSUMPTION 

7590.7 

8082.9 

8783.5 

9643.9 



utilities 


NON-UTILITIES 



Fuel Inputs 

Electricity 

Fue1 Inputs 

Electricity 




Generation 


Gene r a tion 




TWh 


TWh 

4. Non-Coking Coal^' 1 

G. 41 


7.90 

0.17 

Ra i Iways 0.11 

million 

t o n n es 


million tonnes 





0.11 

Durgapur 





million tonnes 

Coke Oven 0.18 





2. 04 

Others 1.99 





million tonnes 

5. Fu e 1 Oi l 

0.28 


0.82 




million 

tonnes 




6. LDO 

0.11 

million 

t onnes 

0.37 

D.02 (3) 

0.05 





million tonnes 

0.01 

7. Re f i nei y Gas 




Negl i g i b le 

TOTAL 



9.09 


3.29 


is for Dnrgnpur coke oven plant (cf. footnote 4 in 
Tab l e 4-2). 

(3) c f. footnote (13) in ALL INDIA TABLE 4-31) 


1955 

1956 

1 957/8 

1 95 8/9 

1959/60 

1960/1 

1961/2 

1962/3 

5 

fi 

7 

8 

9 

10 

1 1 

12 

10870.8 

11950.1 

13757.4 

15527.2 

17927.0 

20153.4 

23237.2 

26304.7 

10870.8 

11950.1 

13757.4 

15527.2 

1 7927.0 

201 53.4 

23237.2 

26304.7 

1830.6 

2013.8 

2369.6 

2710.0 

3133.8 

3711.7 

4109.0 

4723.5 

331 .9 

352.4 

390.2 

399.6 

401.4 

410.1 

442.5 

486.5 

- 

- 

- 

- 

72.0 

71 .8 

77.8 

80.1 

339. 4 

386.4 

455.5 

539.8 

600.7 

693.3 

813.4 

912.4 

1159.3 

1335.0 

1523.9 

1770.6 

2059.7 

2536.5 

2775.3 

3244.5 

848.9 

661 .5 

719.8 

781 .4 

828.3 

82 9. 1 

838.4 

859.5 

589.7 

6 04.0 

661 .5 

727.7 

772.5 

771 .0 

780.3 

801 .4 

59.2 

57.5 

58.3 

53.7 

55.8 

58.1 

58.1 

58.1 

102.9 

197.4 

114.3 

117.2 

11 6.4 

113.1 

112.2 

110.3 

322.5 

335.3 

329.8 

372,4 

404.5 

477.2 

1293.9 

1601 .8 

121.0 

147.1 

158.9 

198.6 

324.4 

404.3 

604.9 

636.5 

483.7 

559.5 

632.8 

755.4 

850.9 

936.4 

983.5 

1014.2 

770.4 

82 0.5 

904.6 

1035.1 

1 427.0 

1803.7 

2343.8 

2722.8 

233.8 

240.6 

255.7 

314.5 

476.2 

488.6 

516.7 

647.8 

2143.1 

2316.4 

2430.3 

2587.8 

2801.3 

2847.9 

2942.2 

3218.2 

2083.8 

232 1.3 

2922.5 

3435,2 

3855.7 

4529.4 

5173.9 

5925.9 

6261 .2 

6908.1 

7748.9 

8816.2 

1 0256.4 

11600.6 

13971.1 

15877,5 

254.8 

316.2 

565.8 

583.5 

754.0 

832.9 

991 .1 

11 03.4 

850.4 

934.1 

1094,6 

1238.0 

1378.5 

1492.3 

1698.1 

1917.2 

514.4 

545.9 

611 .5 

682.8 

766.2 

847.8 

934.1 

1048.3 

390.3 

434.9 

507.1 

548.7 

61 2.1 

629.4 

695.2 

775.3 

120.2 

75.6 

140.1 

166.8 

197.7 

209.6 

— 

— 

10870.8 

11 950. 1 

13757.4 

15527.2 

1 7927.0 

201153.4 

23237.2 

263 04.7 
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TABLE 4-24 





PRODUCTION AND USES OF ENERGY SOURCES - 

1953 /4 - 

ALL INDIA 




Coking 

Non- 

Metall¬ 

Non- 


Total 

Motor 

Av iat ioi 



Coa 1 

Coking 

urgical 

Metall- 

Crude 

Oi 1 


t 




Coa 1 

Coke 

u rg i ca 1 

Oil 

Products 

Spirit 

Jet 






c oke 





Fual 










Million 

Tonnes 



1 

2 

3 

4 

5 

I 

3 

7 

8 







PRODUCTION 

AND CONSUMPTION 

A. 

PRIMARY SOURCES OF ENERQY 











PRODUCTION 

13.70 

22.94 



0.27 






NET BALANCE OF EXTERNAL TRADE 

- 

-1.99 



- 






BUNKERS 

— 

-0.41 



— 






STOCK CHANGES 

-0.88 

*0.68 



0 27 ^ ^ 






TOTAL CONSUMPTION 

12.91 

21.22 








QUANTITIES TRANSFORMED 

-5.00 

-5.85 








INTERNAL FINAL CONSUMPTION 

7.91 

15.57 



- 





B. 

SECONDARY SOURCES OF ENERGY 











PRODUCTION 



2.17 

1.04 


0.20 

0.05 

— 


NET BALANCE OF EXTERNAL TRADE 



-0.03 

-0.01 


3.48 

*0.74 

+ 0.09 


BUNKERS 



— 

— 


-0.26 

- 

— 


STOCK CHANGES 



-0.07 

- 0.20 


*0.06 

*0.02 

— 


TOTAL CONSUMPTION 



2 ' 07 (9) 

-0.81'“' 

1.43 


3.48 

0.81 

0.09 


QUANTITIES TRANSFORMED 



- 


-0.07 

— 

— 


INTERNAL FINAL CONSUMPTION 


15.57 (,1 > 

1 . 48 

1.43 


3. i 

41 

0.81 

0.09 


TOTAL INTERNAL FINAL CONSUMPTION 

7.91 

1.46 

i .43 


3 .- 

41 

0.81 

0.09 







BREAKDOWN OF 

INTERNAL 

FINAL CONSUMPTION 

A. 

CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES 











0.89 

f .JEfjj 




0. 

02 




Of which: Coal Mines & Washeries 

0.09 

1 .02 









Electric Power Plants 
Coka Ovens 

Gas Works 

Oil Refineries & Field 











Operation 






0.02 




Losses 










B. 

CONSUMPTION BY THE OTHER SECTORS 











TRANSPORTATION 

5.03 

7.13 




1.17 

0.81 

0.09 


Of which: Road 






1 .01 

0.81 



Ra i 1 roads 

5.03 

B.89 




0.01 




T ramways 

Waterways 












0.24p~f 




0,06 




Air 






0.09 


0.00 


INDUSTRY 

2.19 

6.83 

1.48 



0.33 




Of which: Mining & Quarrying 


- 









Fertilizer 

Heavy Chemical 



0.16 




1 




Structural Clay Products 

0,08 









Cement 


1.12 

1.30 (, ° 7 








Iron & Stee1 

Non-Ferrous 

0.80 

0.05 (7) 









Textiles 

Other 

1 .39 

5 . 38 (8> 









AGRICULTURE 

- 

0.-17 




0.21 




DOMESTIC 


— 


1.43 


1.18 




COMMERCIAL 


0.14 









GOVERNMENT 

OTHERS 


0.48 









TOTAL INTERNAL FINAL CONSUMPTION 

7.91 

15.57 

1 .46 

1,43 

- 

3.41 

0.81 

0.09 


(I) Production 0 f electricity from primary hydro power has been shown here for the sake of convenience. 
(3) Sale to Utilities. 

(5) Figures for the calendar year 1 953 are used for fiscal year 1 953/54. 

(7) Includes limestone burning. 

(9) Represents the coke equivalent of blast furnace gas produced. 

(II) E*cIuding non-coking coal used in coal mines, railways and industries for power generation. 

(13)For our purposes, W8 have assumed production of non-commercial fuels os equal to final 
consumption for Energy uses only. 
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HSDO IDO Karo- 

ttnt 


LPS 


Fuel 

Oi I 


Vapour- 
i t ing 
Oi I l Ka¬ 
li nary 
Fua I 


Manufactured Sat 

Bleat Coke Gas 

Furnace Oven forks 

a 

10 x Cubic Metres 


Electricity(5) 

Utility Non- 

Utility 

. 10® x kfh - TWh 


Non-comma tc i a I Fuels 
Waste 

Oung Fire- Pro- 

(dry) wood ducts 

Mi 11 ion Tonnes 


10 


11 


12 


13 


14 


15 


16 


17 


18 


IB 


20 


21 


22 


2.61 

2.81 

2.91 


(D 


(13) (13) (13) 


46.40 

86.30 

26.40 

46.40 

88.30 

26.40 

48.40 

86.30 

26.40 


0.02 

0.03 

0.08 

0.02 

0.02 

3.90 

0.78 

0.05 

3.78 m 
♦ 0. 09 u; 

2.07 

•0.28 

+ 0.40 

♦1.14 

♦ 0.79 

♦0.04 

— 

— 


-0.09 

- 

-0.01 

— 

-0,25 

- 

— 

— 

— 

- 

— 

• 0.01 

-0.01 

-0.01 

♦ 0.05 

— 

— 

— 

— 

— 

— 

0.31 

0.41 

1.19 

0.81 

0.08 

3.90 

0.78 

0.05 

3.87 

1.98 

— 

-0.01 

— 

— 

— 

-0.89 

-0.03 

— 

— 

— 

0.31 

0.34 

1.19 

0.81 

0.06 

3.21 

0.75 

0.05 

3.87 

1.96 

0.31 

0.34 

1 .19 

0.61 

0.06 

3.21 

0.75 

0.05 

8.78 

1.98 





0.02 

0.87 

0.15 


1.36 

0.13 


0.88 


0.02 


0.1S 

0.27 


(3) 


0.13 


46.40 86.30 26.40 


0.02 


0.21 

0.20 

0.01 


0.07 

* 


0.03 


0.31 


0.20 


k 


O.M 


0.34 


0.01 

4 


1.18 


1.19 


0.08 

0.08 

0.55 


4 


0.61 


0.04 


0.06 


0.19 


2.34 


2.34 


0.13 


0.80 


0.80 


( 8 ) 


0.05 


3.21 


0.91 

0.48 

0.43 

0.05 

3.31 

0.11 

0.04 

0.03 

0.10 
0.12 
0.05 
1.45 
1 .41 
0.22 

0.69 

0.40 

0.32 

8.7B 


0.08 

0.08 

1 .69 

0.23 

0.05 

Q. 32 
0.44 

0.09 

0.32 

0.24 


46.40 


0 . 08 (4) 

1.98 46.40 


86.30 26.40 


86.30 26.40 


0.75 0.05 

(2) Purchase from Non-Utilities. 

(4) Sale to other agencies excluding utilities, break-up of which is not available. 

( 6) This meludes the coke oven gas used for underfiring of the coke ovens, as separate figures are not ava, 

(8) Including textiles. , . Q . 

(lO)ExCluding the quantities considered as transformed into blast furnace gas (cf note 9). 

(!2)Covering also non-energy products. See Table 4-9 
NOTE: Quantities less than 5000 tonnes not shown. 


Value not possible to mWU anfi included in 


these figure*. 
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TABLE 4-25 


PRODUCTION AND USES OF ENERGY SOURCES - 1954/5 - ALL INDIA 


Coking 

Coal 


Non- 
CokIng 
Coa I 


Metall¬ 

urgical 

coke 


Non- 
Metal I - 
u rgicaI 
Coke 


Crude 

Oi I 


Total Av iation 

Oil A 

Produ- Motor Jet 

c t s Spirit FueI 


Million Tonnes 



1 

2 

3 

4 

5 

6 

7 

8 





PRODUCTION AND CONSUMPTION 



PRIMARY SOURCES OF ENERGY 









PRODUCTION 

13.58 

2 4.05 



0.31 




NET BALANCE OF EXTERNAL TRADE 


-1.89 



1 .26 




BUNKERS 

- 

-0.36 



_ 




STOCK CHANGES 

-0.80 

-0.36 



« (12) 




TOTAL CONSUMPTION 

12.78 

21 .44 



'CT(12) 




QUANTITIES TRANSFORMED 

-5.41 

-5.81 



- 1.57 k ’ 




INTERNAL FINAL CONSUMPTION 

7.37 

15.63 







SECONDARY SOURCES OF ENERGY 









PRODUCTION 



2.43 

1.75 

1.48 

0.35 

- 

NET BALANCE OF EXTERNAL TRADE 



0. 03 

-0.02 

2.93 

*0.54 

*0.10 

BUNKERS 



— 

** 

-0.26 

— 

— 

STOCK CHANGES 


- 

0.20 

-0.17 

-0.23 

-0.07 

— 

TOTAL CONSUMPTION 



2-20 C9 ) 

1 .56 

3.92 

0.82 

0.10 

QUANT 1 T FES TRANSFORMED 


- 

0.6B taj 

— 

-0.08 

— 

— 

INTERNAL FINAL CONSUMPTION 



1 .54 

1 .56 

3. 

84 

0.82 

0.10 

TOTAL INTERNAL FINAL CONSUMPTION 

7.37 

15.83 ’ 

'l .54 

1 .56 

3. 

84 

0.82 

0.10 




BREAKDOWN OF 

INTERNAL FINAL CONSUMPTION 


CONSUMPTION BY THE ENERGY 









SECTOR AND LOSSES 

0.6B 

1 .08 



0.23 



Of which: Coal Mines & Washeries 

0.68 

1.08 







Elect r ic Power Plants 









Coke Ovens 









Gas Works 









Oil Refineries & Field 

Ope rat ion 




0.23 



Losses 









CONSUMPTION BY THE OTHER SECTORS 









TRANSPORTATION 

4.86 

6.79 



1.24 

0.82 

0.10 

Of which: Road 





1 . 06 

0.82 


Ra i 1 roads 

4.86 

6.51 



0. i 

02 



Tramways 









Waterways 


0.28 



0. 1 

D6 



A i r 





0. 

1 0 


0.10 

INDUSTRY 

1 .83 

6.87 

1 .54 


0.1 

B8 



Of which: Mining & Quarrying 


— 







Fert i 1 izer 


_ 

0.20 



1 



Heavy Chemical 





j 

l 



Structural Clay Products 

0. 08 







Cement 


1.17 







Iron & Steel 

0.65 


1 . 34 l l0; 






Non-Fe rrous 


0.04 (7) 







Textiles 









Ot he r 

1.18 

5.5B (8) 







AGRICULTURE 


0.22 



0. 22 



DOMESTIC 


- 


1.56 

1.27 



COMMERCIAL 


0. 13 







GOVERNMENT 


0.54 







OTHERS 









TOTAL INTERNAL FINAL CONSUMPTION 

7.37 

15.63 

1.54 

1.56 

3.84 

0.82 

0.10 


(I) Production 0 ( electricity from primary hydro power has been shown here for the sake of convenience. 
(3) Sale to Utilities. 


(5) Figures lor the calendar year 1 954 are used for fiscal year 1 954 - 55 . 

(7) Includes lime stone burning. 

(9) Represents coke equivalent of blast furnace gas produced. 

(.Including non-coking coal used in coalmines, railways and industries lor power 
(13)For our purposes we have assumed production of n »n V B generation, 

consumption tor Energy uses only. ol non-commerc la I fuels as equal , 0 fj , 
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fSOO 


LOO 


He f a sene 


LPG 


Fuel 

Oi I 


Vapour - 
i c i n| 

Oi I 1 
Rb f ina¬ 
ry Fu»l 


Manufactured Gat 


Blast 

Furnaca 


Coke 

Oven 


Gat 

Works 


Elactricity(5) 
Utility 


Non- 

Utility 


i 10° » Cubic Metrat i 10 


9 x kWh » TWh 


Non-commarcial Fuels 


Dung 

(dry) 


Fire¬ 

wood 


Waste 
Pi odu 
cts 


Million Tonnes 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


3.24 


(1 ) 


47.60 (, 3) 87.50 (,3) 27.00 <l3) 


3.24 

3.24 


47.60 

47.60 


87.50 

87.50 


27.00 

27.00 


3.14 

0.13 

0.19 

0.43 

0.24 

4.21 

0.88 

0.05 

4.29,,. 

2.12 

3.27 

♦ 0.32 

-1.13 

‘0.53 

♦ 0. 04 

— 

— 

_ 

+ 0. 02 u ' 

-0. 02 

- 

-0.01 

— 

-0.25 

— 

- 

— 

— 

— 

_ 

1.04 

-0.02 

0.04 

-0.06 

- 

- 

- 

- 

- 

— 

1.37 

0.42 

1 .26 

0.65 

0.28 

4.21 

0.88 

0.05 

4.31 

2.10 

- 

-0.08 

- 

— 

— 

-0.77 

-0.03 

— 

- 

— 

1.37 

0.34 

1 .28 

0.65 

0.28 

3.44 

0.85 

0.05 

4.31 

2.10 

1.37 

0.34 

1 .26 

0.65 

0.28 

3.44 

0.85 

0.05 

7.55 

2.10 





0.23 

0.77 

0.15 


1.48 

0.12 


1.26 

1.24 

1.02 


1.08 

i 


i.03 


1.37 


0.20 


0.14 


0.34 


0 . 01 


A * 


1 27 


1.28 


0.23 


0.53 0.02 

0.24 0.13 


0.06 

0.06 

0.59 


Jk 


2.87 


2.87 


0. 70 


0.70 


(6) 


0.05 


0.05 


0.19 

0.31 


0. 98 

0.52 

0.48 

0.08 

3.75 

0.10 
0.04 
0. 03 

0.14 
0.22 
0. 06 
1. 58 
1 .56 

0.23 

0.76 

0.45 

0.36 


0.85 


0.28 


3.44 


0.85 


0.05 7.55 


(3) 


0.12 


0.07 

0.07 

1.80 

0.25 

0.05 

0.34 

0.48 

0.10 

0.33 

0.25 


0.11 

2.10 


47.60 


87.50 


27.00 


47.60 


(4) 


47.60 


87.50 


87.50 


27.00 


27.00 


(2) Purchase from Non-ut i I 1 1 ias. 

(4) Sale to other agencies excluding utilities, break-up of which is not available. 

(6) This includes the coke oven gas used for underfiring of the coke ovens, as separate figures are not available. 
(8) Including textiles. 

(10)Exc I ud i ng the quantities considered as trensforsied into blast furnace gas. (cf note 9) 

(12)Covering also non-energy products. See Table 4-9 

NOTE: Quantities less then 5000 tonnes not shown. 

Value not possible to isolate and included in these figures. 
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TABLE 4-28 


PRODUCTION AND USES OF ENER8Y SOURCES-1955/6-ALL INDIA 


Cok I ng Non- Mst a I I - 
Coal Coking urgical 
Coal Coke 


Non- Total Aviation 

Meta I I - C r ude Oil ft 

urgical Oil Produ- Motor Jet 

Cok* cts Spirit Fuel 

Million Tonnes 


4 5 6 7 

PRODUCTION AND CONSUMPTION 


8 


A. PRIMARY SOURCES OF ENERGY 


PRODUCTION 

13.47 

25.47 

0.36 

NET BALANCE OF EXTERNAL TRADE 

— 

-1.60 

3.21 

BUNKERS 

— 

-0.24 

— 

STOCK CHANGES 

-0.74 

-1.25 


TOTAL CONSUMPTION 

12.73 

22.38 

QUANTITIES TRANSFORMED 

-5.69 

-6.35 

INTERNAL FINAL CONSUMPTION 

7.04 

16.03 

- 


B. SECONDARY SOURCES OF ENERGY 


B. 


PRODUCTION 



2.59 

1.81 

3.34 

0.84 

- 

NET BALANCE OF EXTERNAL TRADE 



-0.02 

-0.02 

1.52 

♦ 0.02 

♦ 0.12 

BUNKERS 



— 

- 

-0.29 

— 

— 

STOCK CHANGES 



-0. 16 

-0.10 

-0.21 

-0.01 

- 

TOTAL CONSUMPTION 



2 • A1. p. 

-0.63 (H) 

1.89 

4.36 

0.85 

0.12 

QUANTITIES TRANSFORMED 



- 

-0.08 

— 

_ 

INTERNAL FINAL CONSUMPTION 



1 M .78 

1.69 

4.28 

0.85 

0.12 

TOTAL INTERNAL FINAL CONSUMPTION 

7.04 

18.03 

1.69 

4.28 

0.85 

0.12 





BREAKDOWN OF 

INTERNAL FINAL 

CONSUMPTION 

CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES 

0.73 




0.32 



1.14 





Of which: Coal Mines ftWasheries 

0. 73 

1.14 






Electric Power Plants 
Coke Ovens 

Gas Works 

Oil Ref i ne r les ft Field 
Losses 

0 p•r a tion 




0.32 



CONSUMPTION BY THE OTHER SECTORS 

TRANSPORTATION 

5.24 

7.16 

_ 


1.36 

0.85 

0.12 

Of which: Road 





1.16 

0.85 


Rai 1 roads 

Tramways 

5.24 

6.84 



0.02 



Wat e rways 

Ai r 


0.32 



0.06 

0.12 


0.12 






INDUSTRY 

1.07 

6.74 

1 .78 


0.95 




01 which: Mining ft Quarrying 
Fertilizer 
Heavy Chemical 
Structural Clay Products 
Cement 

Iron ft Steel 
Non-Fer rous 
Textiles 
01 he r 

AGRICULTURE 

DOMESTIC 

COMMERCIAL 

GOVERNMENT 

OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 


0.44 


0.63 


0.01 

0.08 

1.29 

0.06 

5.30 
0.32 


0.20 


k 


(7) 

(8) 


1.58 


( 10 ) 


7.04 


0.12 

0.55 

16.03 


1 .78 


1 .69 


1.69 


0.23 
1 .42 


4.28 


0.85 0.12 


(1) Production of electricity from primary hydro power has been shown for the sake of convenience. 
(3) Sale to Utilities. 

(5) Figures tor the calendar year 1955 are used for fiscal year 1955-59. 

(7) Includes lime stone burning. 

(9) Represents coke equivalent of blast furnace gas produced. 

(11 )ExcIuding non-coking coal used in coal mines, railways and industries for power generation. 

(13)For our purposes we have assumed production of non-commercial fuels as equal to final 
consumption for Energy uses only. 
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HSOO LOO 


9 10 


Kerosene 


11 


Vapour¬ 

ising 

LP6 Fuel 0 i I & 
Oil Refine¬ 
ry Fuel 


12 13 14 


Manufactured Gas 

Blast Coke Gas 

Furnace Oven Works 

I 10 9 » Cubic Metres 
15 16 17 


Electricity(5) 

Non- 

Utility Utility 

i 10 9 x kWh = TWh , 
16 19 


Non-commercial Fuels 

Dung Fire- Waste 

(dry) wood Produ 

cts 

Million Tonnes _ 

20 21 22 


3.74 


(1 ) 


48.80 (13) 88.80 (,3) 27.70 (13 


3.74 

3.74 


48.80 

48.80 


88.80 

88.80 


27.70 

27.70 


0.34 

0.27 

0.47 

1.10 

0.32 

4.03 

0.84 

Q. 05 

4 .85 m 
♦0.02 U) 

2.28 

♦ 0. 14 

*0.20 

*1.08 

-0.07 

+0. 05 

— 

— 

— 

-0.02 

— 

-0.02 

— 

-0.27 

— 

— 

— 

— 

— 

— 

-0.02 

-0.02 

-0.10 

-0.06 

— 

— 

— 

— 

— 

- 

0.46 

0.43 

1.43 

0.70 

0.37 

4.03 

0.84 

0.05 

4.87 

2.26 

— 

-0.08 

— 

— 

— 

-0.72 

— 

— 

— 

- 

0.46 

0.35 

1.43 

0.70 

0.37 

3.31 

0.84 

0.05 

4.87 

2.26 

0.46 

0.35 

1.43 

0.70 

0.37 

3.31 

0.64 

0.05 

8.61 

2.26 





0.32 

0.84 

0.18 


1 .71 

0.13 


0.32 


0.62 

0.22 


0.02 

0.18 


0.21 

0.34 


1.16 


(3) 


0.13 


48.80 


88.80 


27.70 


0.33 

0.31 

0.02 


0.09 


k 


0.21 0.01 

I * 


0.04 0.14 


1.42 


0.06 

0.06 

0.64 


* 


0.05 


2.47 


2.47 


0.66 


0.66 


( 6 ) 


0.46 0.35 1.43 


0.70 


0.37 


3.31 


0. 84 


0.56 

0.50 

0.06 


4.34 

0.10 
0.05 
0.06 

0.14 

0.37 

0.14 

1.74 

1.74 

0.25 

0.85 

0.51 

0.38 


0.05 8.61 


0.05 


0.09 

0.09 

1 .92 

0.27 

0.06 

0.35 

0.40 

0.09 

0.40 

0.35 


0.12 

2.26 


48.80 


(4) 


48.80 


88.80 


88.80 


27.70 


27.70 


(2) Purchase from Non-Utilities. 

(4) Sale to other agencies excluding utilities, break-up of which is not available. 

(6) This includes the coke oven gas used for underfiring of the coke ovens, as separate figures are not available. 
(8) Including textiles. 

(10) Excluding the quantities considered as transformed into blast furnace gas. (cf note 9) 

(12) Covering also non-energy products. See Table 4-9 

NOTE: Quantities less than 5000 tonnes not shown 

Value not possible to isolate and included in these figures. 
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TABLE 4-27 


PRODUCTION AND USES OF ENERGY - 1956/7 - ALL INDIA 


Cok < n| 
Coa I 


Nan- 

Coking 

Coal 


Natal I - 
urgica I 
Cokt 


Non- 
Natal I - 
u rg i caI 
Coke 


C r ude 
Oi I 


Tota I 
Oi I 

Produ- Notor 
cts Spirit 


Awia t ion 

l 

Jat 
Fua I 


12 3 4 


_ Ni11 ion Tonnas 

5 6 7 8 


PRODUCTION AND CONSUNPTION 


A PRIMARY SOURCES OF ENERGY 


PRODUCTION 

14.11 

26.74 

NET BALANCE OF EXTERNAL TRADE 

— 

-1 .71 

BUNKERS 

— 

-0.23 

STOCK CHANGES 

-0.62 

-1 .21 

TOTAL CONSUMPTION 

13.40 

23.59 

QUANT ITIES TRANSFORMED 

-5.89 

-6.67 

INTERNAL FINAL CONSUMPTION 

7.80 

16.92 


0.41 
3.94 


♦ 0.02 
4. 37 
-4.37 


( 10 ) 

( 10 ) 


6. SECONDARY SOURCES OF ENERGY 
PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUNPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

TOTAL INTERNAL FINAL CONSUMPTION 7.60 16.02 


2.55 

1.82 

4.11 

0.96 

- 

-0.02 

-0. 03 

♦ 1.10 

-0. 1 1 

♦ 0.11 

- 

— 

-0.38 

— 

— 

-0.20 

♦ 0.16 

-0.07 

-0.01 

♦ 0.03 

2.33, R v 

1.95 

4.76 

0.88 

0.14 

-0.63 8 

— 

-0.11 

- 

— 

1.70 

1 .95 

4.65 

0.88 

0.14 

1 .70 

1 .95 

4.85 

0.88 

0.14 


IREAKDOVN OF INTERNAL FINAL CONSUMPTION 


A. 


CONSUMPTION BY THE ENERGY 
SECTOR AND LOSSES 


Of which: Coal Minas (Washariaa 
Electric Power Plants 
Coke Ovens 
Gas Works 

Oil Refineries t Field Operation 
Losses 

CONSUMPTION BY THE OTHER SECTORS 


0.72 

0.72 


1 .20 
I .20 


TRANSPORTATION 

5.70 

7.97 


Of which: 

Road 





Ra i 1 roads 

5.70 

7.87 



T ramways 





Waterways 


0.30 



Air 




INOUSTRY 


1 .38 

* 1 r. 7 V ' 

1.70 

Of which: 

Mining ( Quarrying 





Fertilizer 



0.20 


Heavy Chemical 


°- 3 , <S) 



Structural Clay Products 


1 .55'°' 



Cement 


1 .44 

_ _ i 


1 ron l Steel 

0.62 

- 

1 .50 


Non-Fer rous 


0.03 



Text i las 


1 .77 



Othe r 

0.78 

1 .81 


AGRICULTURE 


0.29 


DOMESTIC 



- 


COMMERCIAL 



0.12 


GOVERNMENT 



0.63 


OTHERS 





TOTAL INTERNAL FINAL CONSUMPTION 

7.80 

16.92 

1.70 

( 1 ) 

Production of electricity 

f rom primary 

hydro power h 


(7) 


1.85 


1 .95 


0.34 


0.34 


1 .50 

1 .26 
0.04 

0.06 

0.14 

1.02 

k 


0.86 0.1 4 

0.86 


0.14 


0.26 

1.53 


4.85 0.86 0.14 

hare for the sake of convanianca. 


(3) Sale to Utilities. 

(5) Figures for the calendar year 1958 are used for fiscal year 1 956/7. 

(7) Excluding the quantities considered as transformed into blast furnace gas (cf note 6) 

(9) Excluding non-coking coal used in coal mines, railways and industries for power generation. 

(ll)For our purposes we have assumed production of non-commercial fuels as equal to final 
consumption for Energy uses only. 
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Vapour¬ 

Manufactured 

6as 

E 1 act r ici ty(5) 

Non-commercial Fuels 






ising 







HSOO 

LOO 

Kerosene 

LPG 

Fuel 

Oilt 

Blast 

Coke 

Gas 

Non- 

Dung Fire- 

Waste 





Oil 

Refine¬ 

Furnace 

Oven 

Works 

Utility Utility 

(dry) wood 

Produ- 






ry Fuel 

10 9 x 



i 10 9 x kWh = TWh r 


c t s 






i 

Cubic 

Metres 

Million Tonnes 


9 

10 

11 

12 

13 

14 

15 

16 

17 

18 19 

20 21 

22 


4.28 


( 1 ) 


50.10 ( " ) 90. 1 0 ( 11 ' 28.40 ( 11 } 


4.29 

4.28 


50.10 

50.10 


90.10 
90. 10 


28.40 

28.40 


0.48 

0.7 9 

0.58 

1 .46 

0.34 

4.06 

0.81 

0.05 

5 • 37, 2 •. 

+ 0.02^' 

2.29 

♦ 0.10 

♦ 0.22 

*0.99 

-0.25 

♦ 0.04 

— 

- 

- 

-0.02 

- 

-0.03 

- 

-0.35 

— 

— 

— 

- 

— 

- 

♦ 0.01 

-0.03 

- 

-0.08 

-0.01 

— 

- 

— 

— 

- 

0.59 

0.<5 

1 .55 

0.78 

0.39 

4.08 

0.81 

0.05 

5.39 

2.27 

- 

-0.08 

- 

-0.03 

- 

-0.72 

— 

— 

- 

- 

0.59 

0.:7 

1.55 

0.75 

0.39 

3.34 

0.81 

0.05 

5.39 

2.27 

0.58 

0.37 

1 .55 

0.75 

0.39 

3.34 

0.81 

0.05 

9.68 

2.27 





0.34 

0.90 

0.18 


1.94 

0.13 


0.34 


0.58 0.02 


0.31 0.14 


(3) 


0.22 

0.38 


1.33 


0.13 


50.10 


90.10 


28.40 


0.43 



0.07 



0.59 

0.08 

0.40 

0.03 



O.OI 



0.53 

0. 06 

0.08 




0.06 





0.10 

0.22 

0.02 

0.68 

2.44 

0.65 

4.93 

1 .98 


♦ * I 


0.06 


0.51 


0. 15 


0.37 


1 . 53 


1.55 


A 


2 .i 


0.85 


( 12 ) 


0.05 


0.05 


0.75 0.39 


3.34 


0.81 


0.05 


0 . 1 1 
0.05 
0.08 

0.16 
0.46 
0. 16 
1.96 
1. 95 

0.32 

0.93 

0.54 

0.43 

9.68 


0.28 

0.07 

0.40 

0.38 

0.09 

0.41 

0.37 


50.10 


0.08 

2.27 


(4) 


50.10 


90.10 


90.10 


28.40 


28.40 


(2) Purchas# from Non-Utilities. 

(4) Salt to other agencies excluding utilities, break-up of Which It not available. 

(6) Represents coke equivalent of blast furnace gas produced. 

(g ) I nc l udas b r i ck burning. 

(lOiCoveung also non-energy products. See Table 4-9 

(12 > T h i s includes the coke oven gas used for underfiring of the coke ovens as separate 
figures are not available. 

NOTE: Quantities less than 5000 tonnes not shown. 

Value not possible to isolate and included in these figures. 
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TABLE 4-28 


PRODUCTION ANO USES OF ENERGY - 1 957/8 - ALL I NO IA 



Coking 
Coa 1 

Non- 

Coking 

Coa 1 

Metall¬ 

urgical 

Coke 

Non- 

Metall¬ 

urgical 

Coke 

Crude 

Oil 

Tota 1 

Oil 

Produ¬ 

cts 

Motor 

Spirit 

Million 

Aviation 

& 

let 

Fuel 

Tonnes 


1 

2 

3 

4 

5 

6 

7 

6 





PRODUCTION AND CONSUMPTION 



A. PRIMARY SOURCES OF ENERGY 







0.03 (5) 

0.03 

0.03 


PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

STOCK CHANGES 
"OTAL CONSUMPTION 

QUANTITIES TRANSFORMED 

INTERNAL FINAL CONSUMPTION 

15.11 

-0.70 

14.41 

-6.20 

8.21 

29.54 

-1.73 

-0.20 

-0.41 

27.20 

-6.85 

20.35 



0.44 

4.50 

1S?(’0) 
1:1V 10 > 

0.03 

0.03 

0.03 


B. SECONDARY SOURCES OF ENERGY 









PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

STOCK CHANGES 

TOTAL CONSUMPTION 

QUANTITIES TRANSFORMED 

INTERNAL FINAL CONSUMPTION 


20.35 (9 ) 

2.69 

-0.04 

-0.31 
2.34.0.. 
-0.68 8> 
1.68 

1 .87 
-0.03 

♦ 0.04 

1 .88 

1.88 


4.64 

1.12 

-0.43 

-0.14 

5.19 

-0.20 

4.99 

1.03 

-0.21 

-0.01 

0.81 

0.81 

0.01 

♦ 0.13 

♦ 0.03 

0.17 

0.17 

TOTAL INTERNAL FINAL CONSUMPTION 

8.21 

1.68 

1 .88 

- 

5.02 

0.84 

0.17 




BREAKDOWN OF 

INTERNAL FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENERGY 

SECTOR ANO LOSSES 

0.77 

1.34 




0.37 



Of which: Coal Mines & Vasheries 0.77 

Electric Power Plants 

Cake Ovens 

Gas Works 

Oil Refineries IField Operation 
Losses 

1.34 




0.37 



B. CONSUMPTION BY OTHER SECTORS 









TRANSPORTATION 

5.70 

8.98 




1.66 

0.64 

0.17 

Of which: Road 

Rai 1 roads 

Tramways 

Wate rways 

5.70 

8.64 

0.32 




1.37 

0.05 

0.07 

0.17 

0.84 

0.17 

A i r 







INDUSTRY 

1.74 

fltrflp * 

1.68 



1.11 



Of which: Mining & Quarrying 

Fertilizer 

Heavy Chemica 1 

Structural Clay Products 
Cement 

Iron & Stee1 

Non-Ferrous 

Text i les 

Other 

0.71 

1.03 

0.37, 

!.51 (8) 

1.75 

0.03 

1 .81 

3.76 

0.20 

1,48 (7) 



k 



AGRICULTURE 


0.28 




0.28 



DOMESTIC 


- 


1.88 


1.60 



COMMERCIAL 


0. 09 







GOVERNMENT 


0.45 







OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 

8.21 

20.35 

1.68 

1.88 

— 

5.02 

0.84 

0.17 


(I) Production of electricity from primary hydro power has been shown here for the sake of convenience. 
(3) Sale to utilities. 

(5) This represents production of power alcohol, a substitute fuel derived from molasses. 

(7) Excluding the quantities considered as transformed into blast furnace gas (cf note 6) 

(9) Excluding non-coking coal used in coal mines, railways and industries tor power generation. 

(11 )For our purposes we have assumed production of non-commercial fuels as equal to final 
consumption for Energy uses only. 
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9 

10 

11 

12 

13 

U 

15 

18 

17 

18 

1 8 

20 

21 

22 










5.07 (1 ) 


51.40 (ll) 

91 .40 ( " ) 

29.10' 










5.07 


51.40 

91.40 

29.10 










5.07 


51.40 

91.40 

29.10 

0.64 

0.36 

0.62 


1.60 

0.38 

4.24 

0.87 

0.05 

8.30*21 

0.04 u) 

2.39,,. 
-0.04 ^ 




*0.12 

♦0.15 

*1.07 


-0. 18 

♦ 0.04 

— 

— 

— 




— 

-0.04 

— 


-0.39 

— 

— 

— 

— 

— 

— 




♦0.01 

- 

-0.07 


-0.10 

— 


— 

- 

- 

“ 




0.77 

0.47 

1 .62 


0.93 

0.42 

4.24 

0.87 

0.05 

6.34 

2 .35 




_ 

-0.08 

— 


-0.12 

— 

-0.67 

- 

— 

— 

- 




0.77 

0.39 

1.62 


0.81 

0.42 

3.57 

0.87 

0.05 

6.34 

2.35 




0.77 

0.39 

1 .62 


0.81 

0.42 

3.57 

0.87 

0.05 

11.41 

2.35 

51.40 

91.40 

29.10 



0.37 

1 .22 

0.22 


2.24 

0. 13 






0.26 

0.13 






0.46 

- 



0.73 

0.03 


— 

- 


0.37 




— 

_ 



0.49 

0.19 


1.52 

— 

0.07 





0.62 

0.10 

0.01 





0.56 

0. 10 






0.08 

- 

0.06 






— 

0.74 


2.35 

ft fi *3 


5.77 

1 on 


U . 0 U 


1 . Uo 






0.11 

- 






0.05 

0.28 

i 





0.08 

0. 08 

II 


2.35 

0.65<’ Z > 


0.22 

0.53 

0.42 
0.38 






0.18 

0.08 






2.04 

0.38 






2.56 

0.36 


0.05 




0.57 

- 





0.05 

1.09 

- 






0.61 

- 






0.51 

- 







0. 14 

0.81 

0.42 

3.57 

0.87 

0.05 

11.41 

2.35 


(2) Purchase from Non-uti I ities. 

(4) Sale to other agencies excluding utilities, break up ot which is not available. 

(6) Represents coke equivalent of blast furnace gas produced. 

(8) Includes brick burning. 

(tO)Covering also non-energy products. See Table 4-9 

(l2)This includes the Coke oven gas used for underfiring of the coke ovens as separate 
figures ate not available. 

NOTE: Quantities less than 8000 tonnes not shown. 

Value not possible to isolate and included in these figures. 
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TABLE V 2 9 

PRODUCTION ANO USES OF ENERSY - 1058/9 - ALL INDIA 


Cok i ng 

Non- 

Metall¬ 

Non- 


Total 

Aviation 


Coa l 

Coking 

Coal 

urgical 

Coke 

Metal 1- 
urgical 
Coke 

C r ude 

Oil 

Oil 

Produ¬ 

cts 

1 

Motor Jet 

Spirit Fue 1 

Mi 1 lion Tonnes 

HSD 

1 

2 

3 

4 

5 

6 

7 6 

9 


PRODUCTION AND CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 


PRODUCTION 

19. OS 

31.71 


0.45 

0.03 

0.03 (5) 


NET BALANCE OF EXTERNAL TRADE 

- 

-1.71 


4.76 

- 



BUNKERS 

- 

-0.14 



- 



STOCK CHANGES 

-0.71 

-0.82 


_ (in) 

- 



TOTAL CONSUMPTION 

14.34 

29.24 


• '(10) 

0. 03 

0.03 


QUANTITIES TRANSFORMED 

-7.23 

-7.69 


-5.21' 

~ 



INTERNAL FINAL CONSUMPTION 

7.11 

21.55 



0.03 

0.03 


SECONDARY SOURCES OF ENERGY 








PRODUCTION 



3.33 

2.03 

4.09 

0.97 

- 

NET BALANCE OF EXTERNAL TRADE 



0. 03 

-0.03 

1.24 

0.20 

*0.12 

BUNKERS 



- 

- 

-0.41 

— 

~ 

STOCK CHANGES 



0.11 

ro.oe 

-0. 10 


*0.07 

TOTAL CONSUMPTION 



a" Io( R ) 

2.06 

5.54 

0.77 

0.19 

QUANTITIES TRANSFORMED 



■0.82'°' 

— 

-0.25 

“ 


INTERNAL FINAL CONSUMPTION 



2.37 

2.06 

5.28 

0.77 

0.18 

TOTAL INTERNAL FINAL CONSUMPTION 

7.11 

21 ,55 (a) 

2.37 

2.06 

5.32 

0.80 

0.19 





BREAKDOWN OF INTERNAL FINAL 

CONSUMPTION 

CONSUMPTION 8Y THE ENEROY 








SECTOR AND LOSSES 

0.77 

1 .26 



0.34 



Of which: Coal Minas IWasheries 

0.77 

1.26 


1 




Electric Power Plants 








Coke Ovens 








Gas Works 








Oil Refineries t Field Operat 

i on 




0.34 



Losses 








CONSUMPTION BY THE OTHER SECTORS 








TRANSPORTATION 

4.57 

10.18 



1 .79 

0.80 

0.19 

Of which: Road 





1 . 46 

0.80 


Rei1 roads 

4.57 

9.83 



0.08 



T ramways 








Waterways 


0.35 



0.08 



A i r 





0.1 9 


0 . 1 9 

INOUSTRY 

1.77 

9.06 

2.37 


1.24 



Of which: Mining S Quarrying 








Fertilizer 



0.20 


a 



Heavy Chemical 


0-36( 8 ) 



A 



Structural Clay Products 


1 .95' ; 



11 



Cement 


1 .74 






Iron t Steel 

0.90 

“ 

2. 17' ; 





Non-Fe r rous 


0.04 






Tax t 1 1es 


1 .77 






Ot he r 

0.87 

3.20 






AGRICULTURE 

- 

0.42 



0.30 



DOMESTIC 


- 


2.06 

1.65 



COMMERCIAL 


0.09 






GOVERNMENT 


0.54 






OTHERS 








total INTERNAL FINAL CONSUMPTION 

7.11 

21.55 

2.37 

2.06 

5.32 

0.80 

0. 19 


(I) Production of electricity Iron primary hydro power has been shown here toi the sake of convenience. 
(3) Sale to uti I it las. 

(5) This represents production of power alcohol, a substitute fuel derived from molasses. 

(7) Escluding the quantities considered as transformed into blast furnace gas (cf note 6) 

(9) Eicluding non-cokmg coal used in coal mines, railways and industry for power generation. 

(II) For our purpose, we have assumed production of non - commarc iaI fuels as equal to final 
consumption for Energy uses only. 


0.81 

* 0.20 

-0.08 

0.05 

0.95 

0.05 


0.72 

0.06 

0.05 

0 . 01 
0.14 
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Vapour- Manufactured Gas Electricity Non-commercial Fuels 

it i ng 


LOO 

Kerosene 

LPG 

Fuel 

Oi 1 l 

Blast 

Coke Gas 

Non- 

Dung 

Fire¬ 

Waste 




Oi 1 

Ref ine- 

Furnace 

Oven forks 

Utility Utility 

(dry) 

wood 

Produ- 





ry Fuel 

r 

10 9 x 

Cubic Met res , 

10 B x kWh » TWh i 

Mi 1 

1 ion Tonnes 

c t s 

10 

11 

12 

13 

14 

15 

18 17 

18 19 

20 

21 

22 


5.85 ( ' ) 

52.70 ( " ) 

92.70 ( 1 ’ } 

?9.90^' 1 ^ 

5.85 

52.70 

92.70 

29.90 

5.85 

52.70 

92.70 

29.90 


0.44 

0.67 

1 .85 

0.35 

5.23 

1.10 

0.06 

7 • 1 4/j \ 

+ 0.04 u > 

2.53(3) 

-0.04' JJ 

+ 0.10 

♦ 1.11 

-0.13 

f 0.04 

- 

- 

- 

-0.02 

- 

-0.39 

— 

- 

— 

- 

- 

- 

-0.02 

- 0.11 

-0.06 

- 

— 

- 

- 

— 

— 

0.50 

1 .67 

1.07 

0.39 

5.23 

1.10 

0.06 

7.18 

2.49 

-0.09 

- 

-0.18 

— 

-1.13 

-0.02 

- — 

— 

— 

0.41 

1 .67 

0.91 

0.39 

4.10 

1.08 

0.06 

7.18 

2.49 

0.41 

1 .67 

0.91 

0.39 

4.10 

1.08 

0.06 

13.03 

2.49 52 


O.Ot 


0.01 

0.24 0.02 

♦ i 


0.16 

65 


0.41 1.67 




0.34 

1.43 

0.28 


2.58 

0.27 

0.13 

0.13 













0.54 

— 




0.77 

0.03 


- 

— 



0.34 




_ 





0.66 

0.25 


1.77 


0.07 





0.67 

G. 11 

0.01 





0.62 

0.11 







0.05 

— 

0.08 







0.84 


2.87 

wfSs 


8.73 

2.00 







0.12 

- 







0.05 

0.32 

1 

I 





0.11 

0.09 

1 

1 


2.87 

0.80 (,Z) 


0.28 

0.63 

0.50 

0.41 







0.22 

0.09 







2.22 

0.36 







3.12 

0.32 



0.05 




0.58 

- 






0.06 

1.24 

- 







0.68 

- 







0.55 

- 








0.16 

0.91 

0.39 

4.10 

1.08 

0.06 

13.03 

2.49 


52.70 


(4) 


52.70 


92.70 


92.70 


29.90 


29.90 


(2) Purchase from Non-utiIitias . 

(4) Sale to other agencies excluding utilities, break up of which is not available. 

(6) Represents coke equivalent of blast furnace gas produced. 

(8) Includes brick burning. 

(10) Covering also non-energy products. See Table 4-9 

(12) This includes the coke oven gas used for underfiring of the coke ovens, as separate figures are not available. 
NOTE: Quantities less than 5000 tennes not shown. 

^ Value not possible to isolate and included in these figures. 
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TABLE 4-30 

PRODUCTION AND USES OF ENER6Y SOURCES - 1959/80 - ALL INDIA 



Coking 

Non- 

Metall¬ 

Non- 


Total 

Av i at ioi 


Coal 

Coking 

urgical 

Metal 1- 

Crude 

Oil 

Motor 

S 



Coa I 

Coke 

urgical 

01 1 

Products 

Spirit 

Jet 





Coke 




Fue 1 








Mi 1 1 ion 

Tonnes 



1 

2 

3 

4 

5 


6 

7 

8 





PRODUCTION AND CONSUMPTION 



PRIMARY SOURCES OF ENERGY 








0.02 (5) 


PRODUCTION 

14.19 

34.21 



0.45 

0. 

02 


NET BALANCE OF EXTERNAL TRADE 

— 

-1.39 



5.19 

- 


— 


BUNKERS 

- 

-0.15 



— 

- 


— 


STOCK CHANGES 

-0.25 

-2.70 



'5'60 (10) 

- 


- 


TOTAL CONSUMPTION 

13.94 

29.97 



0. 

02 

0.02 


QUANTITIES TRANSFORMED 

-8.68 

-8.00 



- 


— 


INTERNAL FINAL CONSUMPTION 

5.28 

21.97 




0. 

02 

0.02 


SECONDARY SOURCES OF ENERGY 










PRODUCTION 



4.41 

1.95 


5. 

18 

0.97 

_ 

NET BALANCE OF EXTERNAL TRADE 



-0.03 

-0.03 


1. 

49 

-0.18 

+ 0.14 

BUNKERS 



— 

- 


-0, 

37 

— 

— 

STOCK CHANGES 



-0.21 

+ 0.06 


-0. 

19 

-0.01 

+ 0.09 

TOTAL CONSUMPTION 



4.17,r. 
-1 .23 (B) 

1.98 


6. 

11 

0.78 

0.23 

QUANTITIES TRANSFORMED 



— 


-0.34 

— 

— 

INTERNAL FINAL CONSUMPTION 


21 ,97 (9) 

2.94 

1.88 


5. 

77 

0.78 

0.23 

TOTAL INTERNAL FINAL CONSUMPTION 

5.28 

2.94 

1.98 

— 

5. 

79 

0.80 

0.23 




BREAKDOWN OF 

INTERNAL FINAL 

CONSUMPTION 


CONSUMPTION BY THE ENERGY 










SECTOR AND LOSSES 

0.73 

1,55 




0.30 



Of which: Coal Mines KWasheries 

0.73 

1.55 








Electric Power Plants 
Coke Ovens 

Gas Works 










Oil Refineries & Field 

Ope ration 





0.30 



Losses 










CONSUMPTION BY THE OTHER SECTORS 










TRANSPORTATION 

3.90 

11.34 




1 .96 

0.80 

0.23 

Of which: Road 






1 .57 

0.80 


Ra i 1 roads 

T ramways 

3.90 

11.01 




0. 07 




















Waterways 


0.33 




0.09 



Air 






0.23 


0.23 

INDUSTRY 

0.63 

8. 11 

2.94 



1.35 



Of which: Mining & Quarrying 










Fe rti1ize r 

Heavy Chemical 


0.26, 

1,82 8 

0.22 







Structural Clay Products 








Cement 


1.82 

2.72 (7) 







1ron & Steel 

0.43 

— 







Non-Ferrous 


0.05 








Tex tilas 


1.72 








Othe r 

0.20 

2.44 








AGRICULTURE 


0.30 




0.31 



DOMESTIC 


- 


1.98 


1.87 



COMMERCIAL 


0.08 








GOVERNMENT 

OTHER SECTORS 


0.59 








TOTAL INTERNAL FINAL CONSUMPTION 

5,26 

21.97 

2.94 

1 .98 

- 

5.79 0 

.80 

0.23 


( I ) Product i on of electricity from primary hydro power has been shown here for the sake of convenience. 
(3) Sale to Utilities. 

(5) This represents production of power alcohol, a substitute fuel derived from molasses. 

(7) Excluding the quantities considered as transformed into blast furnace gas (cf note 6) 

(9) Excluding non-coking coal used in coal mines, railways and industry for power generation. 

(II) For our purposes, we have assumed production of non-commercial fuels as equal to final 
consumption for energy uses only. 
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HSDO LDQ 





Vapour¬ 

ising 

Manufactured 

Gas 

Electricity 

Non- 

comma rcia 1 

Fuels 

Kerosene 

LPG 

Fuel 

Oi 1 & 

Blast Coke 

Gas 

Non- 

Dung 

Fi re¬ 

Waste 



Oi 1 

Refin¬ 

Furnace Oven 

Works 

Utility Utility 

(dry) 

wood 

Produ¬ 




ery Fuel 






cts 


, 10 B x Cub!n Metres . , p9 » kWh = TWh Million Tonnes 


9 

10 

11 

12 

13 

14 

15 

0.98 

0.48 

0.78 

0.01 

CO 

CO 

0.30 

7.88 

♦ 0.18 

*0.12 

*1.20 

— 

— 

♦ 0.03 

— 

— 

-0.02 

— 

- 

-0.35 

— 

— 

- 0. 06 

-0.02 

-0.10 

— 

-0.09 

— 

— 

1.10 

0,56 

1.88 

0.01 

1.22 

0.33 

7.88 


-0.10 

- 

- 

-0.24 

— 

-1.69 

1.10 

0.46 

1.88 

0.01 

0.98 

0.33 

6.19 

1.10 

0.46 

1.88 

0.01 

0.98 

0.33 

6.19 





0.30 

2.31 





1.22 




0.30 

1 .09 

0.84 

0.01 

0.08 



0.77 

0.06 


0.01 



0.01 

0.01 

0.07 



0.15 

0.28 0.02 

0.90 


3.88 


3.88 


0.11 0.17 0.03 

1.86 0.01 


16 

17 

18 

19 

20 

21 

22 



7.03 (,) 


53.30 < 11 ) 

96.30 

30 .2<P ]) 



7.03 


53.30 

96.30 

30.20 



7.03 


53.30 

96.30 

30.20 

1.47 

0.06 

S.OI^v 
♦ 0. 03 u ' 

2 ■3 ) 
-0. 03 ld ' 




1.47 

-0.09 

1.36 

1.38 

0.06 

0.06 

0.06 

8.04 

8.04 

15.07 

2.85 

2.85 

2.85 

53.30 

96.30 

30.20 

0.30 


2.98 

0.16 




0.03 


0.26 

0.60 

0. 15 




0.27 


0.06 

2.06 

0. 01 






0.71 

0.12 






0.65 

0.06 

0.12 




1.08 


7.87 

2.38 






0.12 

D. 05 

0.20 

0.35 

0.12 




1.08< ,2 > 


0.34 

0.84 

0.38 

2.43 

3.51 

0.51 

0.59 

0. 09 
0.37 

0.35 






0.75 

- 





0.06 

1.38 

- 

53.30 

96.30 

30.20 


0.77 


0.61 


1.10 0.46 


1.88 0.01 0.98 0.33 8.1 9 


1.38 0.06 15.07 


0.19< 4 > 

2.85 53.30 96.30 30.20 


(2 i Piirchasa from Non-Ut i I i t i es 

(4; Sale to other agencies excluding Utilities, break up of which is not available. 
(6) Represents coke equivalent of blast furrwce gas produced. 

(B) Includes brick burning. 

(lu)Coveting also non-energy products. See Table 4-9 

(12)This includes coke oven gas used for underfiring of coke ovens. 

NOTE: Quantities less than 5000 tonnes not shown. 

—Value not possible to isolate and included in these figures. 
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TABLE 4-31 

PRODUCTION AND USES OF ENERGY SOURCES - 1900/1 - ALL INDIA 



Caking 

Non- 

Metall¬ 

Non- 

Tota 1 


Aviation 


Coa 1 

Coking 

urgical 

Metall- 

Crude Oil 

Motor 

t 



Coa 1 

Coke 

urgical 

Oi 1 Products 

Spirit 

Jet 





Coke 

Mi 11 

ion Tonnes 

Fue 1 


1 

2 

3 

4 

5 6 

7 

8 





PRODUCTION AND CONSUMPTION 



PRIMARY SOURCES OF ENERGY 






0.02 (S) 


PRODUCTION 

15.57 

39.95 



0.46 0.02 


NET BALANCE OF EXTERNAL TRAOE 

— 

-1.26 



5.78 

— 


BUNKERS 

- 

-0.12 



- 

— 


STOCK CHANGES 

-1.78 

-2.46 



- 0.08/, a. — 

6.16 “ 0.02 
-e.iB uu ' - 

— 


TOTAL CONSUMPTION 

13.81 

38. 11 



0.02 


QUANTITIES TRANSFORMED 

-9.56 

-10.07 



- 


INTERNAL FINAL CONSUMPTION 

4.25 

26.04 



0.02 

0.02 


SECONDARY SOURCES OF ENERGY 








PRODUCTION 



5.21 

1.89 

5.61 

1.04 


NET BALANCE OF EXTERNAL TRADE 



-0.01 

-0.02 

♦ 1 .63 

-0.20 

0.21 

BUNKERS 



- 

— 

-0.44 

— 

— 

STOCK CHANQES 



♦ 0.05 

-0.03 

-0.08 

-0.01 

0.07 

TOTAL CONSUMPTION 



5.25/ R , 

-1 .91 (6) 

1.84 

8.72 

0.83 

0.28 

QUANTITIES TRANSFORMED 



— 

-0.39 

— 

— 

INTERNAL FINAL CONSUMPTION 


(91 3 - 34 

28.04^ 8 3.34 

1.84 

6.33 

0.83 

0.28 

TOTAL INTERNAL FINAL CONSUMPTION 

4.25 

1.84 

6.35 

0.85 

0.28 


BREAKDOWN OF INTERNAL FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES 0.61 

Of which: Coal Mines & Washeries 0.61 

Electric Power Plants 
Coke Ovens 
Gas Works 

Oil Refineries & Field operation 
Losses 

B. CONSUMPTION BY THE OTHER SECTORS 


TRANSPORTATION 

1.32 

Of which: 

Road 



Ra i 1 roads 

T ramways 

Waterways 

1.32 


A i r 


INDUSTRY 


2.12 

Of »wh ich: 

Mining & Qua r rying 

Ferti1izer 

Heavy Chemical 

Structural Clay Products 
Cement 



1ron & Stee1 

Non-Fe r rous 

Textiles 

1 .31 


Others 

0.81 

AGRICULTURE 

DOMESTIC 

COMMERCIAL 

GOVERNMENT 


OTHER 

TOTAL INTERNAL FINAL CONSUMPTION 

4.25 


1.81 0.34 

1.81 


0.34 


14.72 


2.18 



1 .74 

14.26 


0.07 

0.46 


0.09 



0.28 

B.64 3. 

,34 

1 .52 

0.02 


0.02 

0. 

22 


0. 35 / a \ 

1.05 8 ' 


0.07 

0.05 

2.28 

3. 

,12 (7) 

0.03 

0.08 

0. 04 



1.83 


0.44 

3.07 


0.85 

0.19 


0.32 

0.01 

1.84 

1 ,B9 


0. 07 
0.80 

26.04 3.34 1 .84 - 6.35 


0.85 0.28 

0.85 


0.21 


0.85 0.21 


(I) Production of electricity from primary hydro power has been shown here for the sake of convenience. 
(3) Sale to Utilities. 

(5) This represents production of power alcohol which is a substitute fuel derived from molasses. 

(7) Excluding the quantities consideredas transformed into blast furnace gas (cf note 6) 

(9) Excluding non-coking coal used in coalmines. Railways and industry for power generation. 

(II) For our purposes, we have assumed production of non-commercial fuels as equal to 
final consumption for Energy uses only. 

(13)Probably includes about 0.02 mt consumed by outo producers for generation of Electricity. 
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HSDO LOO Xerosene LP6 Fuel 

Oil 


8 10 


12 13 


Vapour¬ 
ising 
Oi I & 
Refin¬ 
ery Fue I 


Manufactured Gas 
Blast Coke Ga 


Electricity 


10 x Cub ic Met res 
15 16 17 


10° « kWh - TWh 
18 19 


Non-commercial Fuels 


Blast Coke Gas Non- Dung 

Furnace Oven Works Utility Utility (dry) 


Fire- Waste 
wood Produ¬ 

cts 

I ion Tonnes 

21 22 


100.00^ 1 '30.70^ 

100.00 30.70 

• _ _ 

100.00 30.70 


0.01 1.38 

-0.28 

0 . 01 * 1.10 
0.01 1.10 


0.34 

12.09 

2.18 

0. 02 

- 


— 

- 

— 

- 


_ 

0.36 

12.09 

2.18 

— 

'2.34 

-0.16 

0.36 

9.75 

2.02 

0.36 

9.75 

2.02 

0.34 

3.67 

0.45 


1.91 

0.04 

0.34 


1.78 

0.41 


0.06 9.09,,, 

0 . 22 *' 


0.06 9.31 

0.06 17.08 


100.00 30.70 


0. 96 

0.01 




0.08 





0.73 

0.11 


0.80 













0. 06 





0.01 





0.67 

0.11 


0.01 

0.01 




0.07 





0.D6 

— 


0.18 

0.30 


0.02 


1 .02 



6.08 

l.57< ,2 > 

9.00 

2.60 


0.01 

0.01 




— 





0.11 

_ 







— 





0. 10 

0.38 


0.01 

0.01 




0.07 

0.03 





0.25 

0.16 


0.01 

0.01 




0.01 





0.44 

0.50 







0.06 



6.08 1 

1.57 

1.10 

0.70 


0.03 

0.12 

0.07 

0.20' 

(13) 

0.02 


0.34 

0.51 





0.40 

2.47 

4.13 

0.08 

0.38 

0.40 


0.11 

0.19 





0. 

02 



0.83 

_ 





1.98 

0.01 






0.06 1.49 

- 

54 











0.85 

- 












0.63 

— 












- 

0.20 (4) 


1.25 

0.50 


2.00 

0.01 

1 . 10 

0. 

36 

9.75 2. 

02 

0.06 17.06 

3.07 

54 



(2) 

Puichase 

f r om 

Hon-ut i 1 

i t i es 









(4) 

Sale to 

other 

agencies 

excluding 

utilities, 

break-up 

of which is 

not available. 


100.00 


100.00 


(6) Represents coke equivalent of blast furnace gas produced. 

(8) Including 0.96 million tonnes for brick burning. 

(lO)Covering a Iso non-energy products. See Table 4-9 

(i2)This includes coke oven gas used for underfiring of coke ovens. 


NOTE: Quantities lees than 5000 tonnes not shown. 
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TABLE 4-32 


PRODUCTION AND 

USES OF 

ENERGY SOURCES - 19B1/2 - ALL 

INDIA 



Non- 

Metal¬ 

Non- Total 


Aviation 

Coking 

Cok ing 

lurgi¬ 

Metal- Crude Oil 

Motor 

& 

Coa 1 

Coa 1 

cal 

1urgi- Oil Products 

Spirit 

Jet 



Coke 

cal Coke 


Fue 1 


Million Tonnes 



1 

2 

3 

4 

5 6 

7 8 

9 






PRODUCTION AND 

CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 








PRODUCTION 

15.94 

38.97 



0.80 0.02 

O.O2 (0) 


NET BALANCE OF EXTERNAL TRADE 


-1 .31 



+ 5,98 



BUNKERS 


-0.13 






STOCK CHANGES 

-1.12 

+ 2.03 



— 



TOTAL CONSUMPTION 

14.62 

39.56 



6.58,!! ,0.02 

0.02 


QUANTITIES*TRANSFORMED 

-10.87 

-11.97 



-6,58 



INTERNAL FINAL CONSUMPTION 

3.85 

27.58 



0.02 

0.02 


B. SECONDARY SOURCES OF ENERGY 








PRODUCTION 



7.12 

1.98 

5.98 

1.07 

1.09 

NET BALANCE OF EXTERNAL TRADE 



-0. 01 

-0,04 

+ 2.08 

-0.20 +0.37 

+ 0.38 

BUNKERS 



— 

— 

-0.44 



STOCK CHANGES 



-0. 08 

-0.08 

-0.17 

-0.05 

-0.02 

TOTAL CONSUMPTION 



7.03, Q . 

1.86 

7.45 

0.87 0.32 

1.45 

QUANTITIES TRANSFORMED 



-2.13 (9) 

— 

-0.43 



INTERNAL FINAL CONSUMPTION 



4.90 

1.86 

7.02 

0.87 0.32 

1.45 

TOTAL INTERNAL FINAL CONSUMPTION 

3.85 

27.59 ''' 

4 .90 

1.86 

7.04 

0.89 0.32 

1.45 





BREAKDOWN OF INTERNAL 

FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENERGY 








SECTOR t LOSSES 

0.85 

2.13 



0.37 



Of which: Coal Mines & Washeries 

0.85 

2. 13 






Electric Power Plants 








Coke Ovens 








Gas Works 








Oil Refineries 4 Field Operation 




0.37 



Losses 








B. CONSUMPTION BY THE OTHER SECTORS 








TRANSPORTATION 

1.39 

15.28 

0. 04 


2.45 

0.89 0.32 

1.12 

Of which: Road 





1.93 

0.89 

1.04 

Rai1 roads 

1.39 

14.97 

0.04 


0. 08 


0.07 

Tramways 








Waterways 


0.32 



0.12 


0.01 

A i r 





0.32 

0.32 


INDUSTRY 

1.81 

9. 79 

4. 86 


1.66 


0.20 

Of which: Mining S Quarrying 


0.04 



0.02 


0.01 

Ferti1ise r 


— 

0.23 





Heavy Chemical 





0. 08 



Structural Clay Products 


1 . 46 (8) 



0.05 


0.01 

Cement 


2. 49 



0.05 


0.01 

Iron 4 Steel 

1.21 

0. 13 

4.63 ( 


0.08 



Non-Ferrous 


— 






Textiles 


2.10 



0.49 


0.04 

Othe r 

0.40 

3.57 



0.89 


0.13 

AGRICULTURE 


0.04 



0.34 


0.13 

DOMESTIC 


- 


1.86 

2.22 



COMMERCIAL 


0.07 






GOVERNMENT 


0 .® 






OTHER 








TOTAL INTERNAL FINAL CONSUMPTION 

3.85 

27.59 

4.90 

1.86 

7.04 

0.89 0.32 

1.45 

( 1 ) Production of electricity 

from primary 

Hydro power has been shown 

here for the sake 

of convenience. 



(3) Purchased from non-utilities 


(5) Sales to other agencies to the extent of 0.29 TWh, break-up of which is not available, is included in this. 
(7) Excluding non-coking coal used in coal mines, railways and industry for power generation. 

(9) Represents coke equivalent of blast furnace gas produced. 

(Il)lnctudes 0.59 million tonnes of non-energy products also. 

(13) Tha production of non-commercial fuels has hean assumed to be equal to final consumption 
for Energy uses only. 
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LOO 


10 


0.60 

-0.07 

-0.03 

- 0.02 

0.62 

- 0.12 

0.50 

0.50 






Vapour - 
ising 

Manufactured Gas 

Electricity 

Non-commercial Fuels 

Kerosene 

LPG 

Naptha 

Fue 1 

Oil Re¬ 

Blast Coke Gas 

Non- 

Fire- Waste 



Oi 1 

finery 

Furnace Oven Works 

Utility Utility 

Dung wood Products 





Fue 1 & 
Gas 

Q 

, 10 x Cubic Me t res , 


(dry) 






10® x kWh = TWh 

i Million Tonnes 

1 l 

12 

13 

14 

15 

16 17 18 

19 20 

21 22 23 










9.81«> 


54.50 (, 3 > 

1 00. 80 ( ,3 ) 

30.90 1 









9.61 


54.50 

1 00.80 

30.90 









9.61 


54.50 

100.60 

30.90 

1.05 

0.01 


1.77 

0.39 

14.77 

2.57 

0.06 

9 gfi(2) 

-o: 3 7 (3 > 

3.57(4) 

+0.37 ;4 ' 




♦ 1.19 

_ 


+ 0.26 

+ 0.01 

- 

— 





- 

_ 


-0.41 


- 

- 


— 

- 




-0.01 

- 


-0.07 

— 

— 

— 


— 

— 




2.23 

0.01 

— 

1.55 

0.40 

14.77 

2.57 

0.06 

10.23 

3.20 




- 

- 


-0.30 

-0.01 

-2.90 

-0.14 

— 

— 

— 




2.23 

0.01 

— 

1.25 

0.39 

11.87 

2.43 

0.06 

io.2a 

3.20 




2.23 

0.01 

- 

1.25 

0.39 

11.87 

2.43 

0.06 

20.04 

3.20 

54.50 

1 00.60 

30.90 




0.37 

4.25 

0.69 3.93 

0.18 





0.28 

0.16 





0.81 





3.11 

0.06 




0.37 


0.06 

0.02 




1.14 

0.63 2.78 


0.01 

0.11 



0.76 

0.08 


0. 01 



0.70 

0.08 





0.06 


0.01 

0.10 





0.30 

0.02 - 1.14 


7.62 

1.74 (12) 11.03 

2.94 

0.01 




0 . 11 



— 



0.92 

0.38 


0.08 



0.28 

0.33 

0.01 

0.03 





0.01 

0.03 



0.52 

0.47 


0.08 


7.62 

1,74 1.57 

0.77 


_ 



0.43 

0.09 

0.06 

0.39 



2.57 

0.37, 

0.21 

0.02 0.53 



4.63 

0.53 

0.19 


0.02 


0.99 



2.21 0.01 



0.06 1.70 






0.93 






0.70 


0.50 

2.23 0.01 - 1.25 

0.39 

11.87 

2.43 0.06 20.04 

3.20 


(2) Of which steam generation is 

9.48 and 

oil 0.38 

TWh. 



(4) Sold to non-uti1ities. 






(5) 


54.50 


54.50 


100.BO 


100.80 


30.90 


30.90 


(6) Represents production of power alcohol which is a substitute fuel derived from molasses. 
(0) Including 1.40 million tonnes used for brick burning. 

(lOlExcluding the quantities considered as transformed into blast furnace gas (cf note 9). 
(12)lncludes coke oven gas used for under-firing of coke ovens. 

NOTE: Quantities Iwss than 5000 tonnes not shown. 
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TABLE 4-33 

PRODUCTION AND USES OF ENERGY SOURCES - 1962/3 - ALL INDIA 



Non- 

Metal¬ 

Non- 

Tota 1 


Aviation 

Coking 

Coking 

lurgi¬ 

Metal- Crude 

Oi 1 

Motor 

& HSDO 

Coal 

Coa 1 

es 1 

1 urg i - Oil 

Products 

Sp i ri t 

Jet 



Coke 

cal Coke 



Fue 1 


Mi 1 1 i on Tonnes 


1 

2 

3 

4 5 6 

7 

8 

9 





PRODUCTION ANO CONSUMPTION 



A. PRIMARY SOURCES OF ENERGY 





0.01 (6) 



PRODUCTION 

15.73 

47.56 


1.17 0.01 



NET BALANCE OF EXTERNAL TRADE 


-1.26 


♦ 5.96 




BUNKERS 


-0.13 






STOCK CHANGES 

♦0.59 

-2.93 


7.13/!]. 0.01 
-7.13'' 




TOTAL CONSUMPTION 

16.32 

43.24 


0.01 



QUANTITIES TRANSFORMED 

-11 ,60 

-13.03 





INTERNAL FINAL CONSUMPTION 

4.72 

30.21 


0. 01 

0.01 



B. SECONDARY SOURCES OF ENER6Y 








PRODUCTION 



7.99 

2.27 6.56 

1.16 

- 

1 . 13 

NET BALANCE OF EXTERNAL TRADE 



-0.01 

-0.03 ♦2.53 

-0.24 

♦ 0.55 

♦ 0.60 

BUNKERS 



— 

-0.48 

— 

— 

— 

STOCK CHANGES 



-0.05 

-0.10 -0.10 

♦ 0.01 

-0.20 

-0.03 

TOTAL CONSUMPTION 



7.93 m 

-2.37 (8) 

2.14 8.51 

0.93 

0.35 

1.70 

QUANTITIES TRANSFORMED 



-0.45 




INTERNAL FINAL CONSUMPTION 


30.21 (7) 

5.56 

2.14 8.06 

0.93 

0.35 

1.70 

TOTAL INTERNAL FINAL CONSUMPTION 

4.72 

5.56 

2.14 B. 07 

0.94 

0.35 

1.70 





BREAKDOWN OF INTERNAL F1NAL CONSUMPT1 ON 


A. CONSUMPTION BY THE ENERGY 








SECTOR ANO LOSSES 

0.91 

2.60 


0.42 




Of which: Coal Mines KWasharies 

0.91 

2.60 






Electric Power Plants 

Coke Ovens 

Gas Works 








Oil Refineries & Field Operation 



0.42 




Losses 








B. CONSUMPTION BY THE OTHER SECTORS 








TRANSPORTATION 

2.11 

15.27 

0.05 

2.72 

0.94 

0.35 

1.31 

Of which: Road 




2.15 

0.94 


1.21 

Ra i 1 roads 

T ramways 

Waterways 

2.11 

14.93 

0.05 

0.10 



0.09 


0.32 


0. 12 



0.01 

Ai r 




0.35 


0.35 


INDUSTRY 

1.70 

11.82 

5.51 

2.13 



0.24 

Of which: Mining t Quarrying 


0.04 


0.02 



0.01 

Fertilizer 


— 

0.23 

0.01 




Heavy Chemical 


1 ,80 (8) 


0.11 




St ructura 1 Clay Prod icts 



0.08 



0.01 

Cement 


2.43 

5.28 (,0) 

0.09 



0.02 

1ron & Stee 1 

1.20 

0.14 

0.12 




Non-Fe r rous 


— 






Text i 1es 


2.21 


0.58 



0.05 

Othe r 

0.50 

5.20 


1 .12 



0.15 

AGRICULTURE 


0. 06 


0.36 



0.15 

DOMESTIC 

COMMERCIAL 


0.09 


2.14 2.44 




GOVERNMENT 


0.37 






OTHER 


- 






TOTAL INTERNAL FINAL CONSUMPTION 

4.72 

30.21 

5.58 

2.14 8.07 

0.94 

0.35 

1.70 


(I) Production of electricity from primary hydro power has been shown here toi the sake of convenience. 

(3) Purchased from non-utilities. 

(5) Sales to other agencies to the extent of 0.18 included in this. 

(7) Excluding non-coking coal used in coal mines, railways and industry for power generation. 

(9) Represents coke equivalent of blast furnace gas produced. 

(II) lncludes 0,57 million tonnes of non-energy products also 

(13)The production of non-commercial fuels has been assumed to be equal to final consumption for energy uses only. 
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Vapour- 

Manufactured Gas 

Electricity 

Non centime rc i a 1 Fuels 

LDO Kerosene 

LPG Naptha 

Fue 1 

i $ ing 






Oil 

Oil Re- 

Blast Coke Gas 

Non- 

Fire Waste 




finery 

Furnace Oven Works 

Utility Utility 

Dung wood Products 




fuel & 



dry 




Gas 








, 1 0® x Cub i c Met res 

1 10 9 x kWh = TWh 

1 Million Tonnes 


10 1 1 12 1 3 14 1 5 16 1 7 1 8 19 20 21 22 23 


(13) (13) (13) 


1t.0O u; 

54. 90 

101 .60 

31.10 

— 

— 

— 

— 

- 

— 

— 


- 

_ 

— 


11,80 

54.90 

101 .60 

31.10 

— 

— 

— 


11.80 

54.90 

101 .60 

31.10 


0.87 

1.21 

0.02 

0.01 

1 .91 

0.45 

*0.01 

♦ 1.19 

- 

— 

+ 0.41 

*0.01 

-0. 04 




-0.44 


♦ 0.03 

♦ 0.05 

- 

— 

♦ 0.04 

— 

0.67 

2.45 

0.02 

0.01 

1 .92 

0.46 

-0.12 




-0.30 

-0.03 

0.55 

2.45 

0.02 

0.0) 

1 .82 

0.43 

0.55 

2.45 

0.02 

0.01 

1 .62 

0.43 


0.42 


0.42 


0.01 




0.11 






0.01 


0.01 




0.10 


0.34 

0.03 


0.01 

1.51 


0.01 

0.01 

0.01 



0.01 

0.11 

0.06 

0.06 

0.12 


0.08 

0.23 

0.03 



0.45 

0.71 


0.20 

2.42 

0.02 



0.01 

0.55 

2.45 

0.02 

0. 01 

1 .62 

0.43 


18.45 2.86 0.08 1 0.57^~^ 3.94,., 

*0.47 (3) -0.47 ( 4) 


18.45 

-3.13 

2.86 
-0. 14 

0. 06 

11.04 

3.47 


13.32 

2.72 

0. 06 

11 .04 

3.47 


13.32 

2.72 

0. 06 

22.84 

3.47 

54.90 


4.94 

0.65 

4.50 

0.22 




0.29 

0.20 




0.91 



3.72 

0.06 

0.06 

0.02 


1.22 

0.59 

3.24 





0.78 

0.08 




0.72 

0.06 

0.08 






8.38 

2.07 ( ,2) 

12.71 

3.17 




0.11 





1.17 

0.43 




0.33 

0.31 




0.59 

0.42 


8.38 

2.07 

1.78 

0.95 




0.57 

0.08 




2.85 

5.31 

0.37,-, 

0.6i (5) 




1.10 




0. 06 

1 .92 


54.90 



1 .05 





0.78 



13.32 

2.72 0.06 

22.84 

3.47 

54.90 


101.60 31.10 


101.60 31.10 


1 01 .60 31.10 


(2) Of which steam generation is 10.18 and oil 0.39 TWh. 

(4) Sold to non-utiIit its 

(6) Represents production of power alcohol which is a substitute fuel derived from molasses. 
(8) Including 1.73 million tonnes used for brick burning. 

(10)ExcIuding the quantities considered as transformed into blast furnace gas (cf. note 9) 
(12)lncludes coke oven gas used (or underfiring of coke ovens. 

NOTE: Quantities lets than 5000 tonnes not shown. 
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TABLE 4-34 

PRODUCTION AND USES OF ENERGY SOURCES - ANDHRA PRADESH - 1B80/1 


Caking Non- 
Coal Coking 
Coa I 


PRIMARY SOURCES OF ENERGY 

1 

2 

PRODUCTION 


2.57 

NET BALANCE OF EXTERNAL TRADE 

*0.05 

-0.20 

BUNKERS 


-0,04 

STOCK CHANGES 


-0.01 

TOTAL CONSUMPTION 

0.05 

2.32 

QUANTITIES TRANSFORMED 


-0.29 

INTERNAL FINAL CONSUMPTION 

0.05 

2.03 


B. SECONDARY SOURCES OF ENERGY 
PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

TOTAL INTERNAL FINAL CONSUMPTION 0.05 2.03 


Metal- Nan-Metal¬ 

lurgical lurgical 
Coke Coke 

c 

_ Tonnes x 10 

3 4 


♦ 0.01 

0.01 

0.01 

0.01 


BREAKDOWN OF INTERNAL FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENERGY SECTOR & LOSSES 

Of which: Coal Mines and Washeries 
Electric Power Plants 
Coke Ovens 

Oil Refineries and Field Operation 
Losses 

B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION 0.05 

Of which: Road and Tramways 0.05 

Rai I roads 
Waterways 
Air 

INDUSTRY 

Of which: Mining & Quarrying 

Fertilizer & Heavy Chemical 

Structural Clay Products 

Cement 

Iron t SteeI 

Non-Ferrous 

Text i las 

Othe r 

AGRICULTURE 


0. OB 
0.08 


1.20 

1.20 


0.73 


0.02 

0.03 

0.22 


0 . 12 

0.34 


0.01 


0.01 


DOMESTIC 

COMMERCIAL 

GOVERNMENT 0.02 

OTHERS 


TOTAL INTERNAL FINAL CONSUMPTION 


0.05 2. 03 O.Oi 


-•"Values not possible to 
isolate and included in 
this figure. 


(1) Break up of Total Internal Final Consumption of Oil Products 


Consumption by 

Transports) ion: 

Road & Tramways 
Ra i I r oads 
Waterways 

A i r 

Industry (Total) 

Agr i cu11 ure 
Domest ic 

Total Internal Final 
Consumpt ion. 


Motor 

Aviation & 

HSDO 

LOO 

Spirit 

iet Fuel 



40 


94 




4 



11 

4 

17 



7 

13 

40 

11 

109 

30 
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ude 

>i 1 

Total 

Oil Pro¬ 
ducts 

Manufactured Gas 

Blast Coke Oven & 

Furnace Gas Works 

jl _Cubic Metres 1 0 6 _ 

E1 act r i c i ty 

Utility Non-Uti1it y 

i kWh « 10 6 - GWh 

Non-Comme rcia 1 
Dung Fi r ewood 

d r y 

i Tonnes x 

Fue 1 s 

Waste 

Pioduc t s 

10 6 

5 

6 

7 

8 

0 10 

11 

12 

13 






4.0 

9.0 

2.6 





i 

4.0 

9.0 

2.6 






4.0 

9.0 

2.6 


0.90 

9 00. 1 

151.5 

-0.39 

-121.1 


-0.09 



-0.02 



0.40 

779.0 

151.5 

0.40 

779.0 

151.5 

0.40 

7 79.0 

151.5 

0.04 

228.7 

54.0 



5.4 

54.0 



23.3 


0.04 

15.9 




184. 1 


0. 36 (1 



0. 15 

14.2 

0.1 

0. 13 

14.2 

0 . 1 

0.01 



0,01 



0.0 

i 

15 

1 

358. 0 

63.6 

J 

l 

47.7 




19.9 




46. 1 

10.5 



244.3 

53.1 

0.02 

54.8 


0. I 

4 

70. 8 




30.2 




22.3 





33.8 

0.40 

779.0 

151.5 


Excluding Refinery Fuel Cansumpt i on ). (‘ OOO Tonnes) 

Kerosene Fue 0i< Others Total Oil 

Products 


134 

4 

3 3 

11 

24 45 

20 

140 t 141 


140 27 I 358 


4.0 9.0 2. B 


4.0 9.0 2.6 


4.0 


9.0 


2.6 
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TABLE 4-35 


PRODUCTION AND USES OF ENERGY SOURCES - ASSAM - 1S60/1 



Coking 

Non- 

Metal¬ 

Non-Metal - 


Coa 1 

Coking 

lurgical 

lurgica 1 



Coal 

Coke 

Coke 




C 

Tonnes » 10 


1 

2 

3 

4 

A. PRIMARY SOURCES OF ENERGY 





PRODUCTION 


0.70 



NET BALANCE OF EXTERNAL TRADE 

BUNKERS 


-0. 04 



STOCK CHANGES 


*0.01 



TOTAL CONSUMPTION 

QUANTITIES TRANSFORMED 


0.67 



INTERNAL FINAL CONSUMPTION 


0.67 



B. SECONDARY SOURCES OF ENERGY 





PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

STOCK CHANGES 

TOTAL CONSUMPTION 

QUANTITIES TRANSFORMED 



-0.01 



0.01 

INTERNAL FINAL CONSUMPTION 



0.01 


TOTAL INTERNAL FINAL CONSUMPTION 


0.67 

0.01 



BREAKDOWN 

OF INTERNAL FINAL 

CONSUMPTION 

A. CONSUMPTION BY THE ENERGY SECTOR ft LOSSES 


0.03 



Of which: Coal Mines and Washeries 


0.03 



Elect r ic Power Plants 

Coke Ovens 





Oil Refineries and Field Operation 
Losses 





B. CONSUMPTION BY OTHER SECTORS 





TRANSPORTATION 

Of which: Road and Tramways 


0.38 



Rai1 roads 


0.23 



Waterways 

Ai r 


0. 15 



INDUSTRY 

Of which: Mining & Quarrying 


0.23 

0.01 


Fertilizer & Heavy Chemical 
Structural Clay Products 

Cement 


0.05 



Iron & Stee1 

Non -Fe rrous 

Text i 1 es 

Other 


0. IB 

0.01 


AGRICULTURE 

DOMESTIC 


0. 01 



COMMERCIAL 

GOVERNMENT 

OTHERS 


0. 02 



TOTAL INTERNAL FINAL CONSUMPTION 


0.87 

0.01 



(1) Includes NEFA & (5) Break up of Total Internal Final Consumption of Oil Proc 


Man i pu r. 






(2) Includes Manipur 
Tripura. 

& 

Consumption by 

Motor 

Spirit 

Aviation S 
Jet Fuel 

HSDO 

(3) Includes Manipur 


Transportation: 




Tripura & NEFA. 


Road Bnd Tramways 

60 


17 

(4) Represents sales 
other Agencies. 

to 

Rai1 roads 

Wa t e rwa ys 

Ai r 


7 


Values not possible 

to 

Indust ry (Total ) 



7 

isolate and i ncluded 

i n 

Agr iculture 



4 

this figure. 


Domes t i c 






Total Internal Final 
Consumption 

60 

7 

28 
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Manufactured Gas 

Crude Total 

Gil Oil Pio- Blast Coke Oven & 
ducts(f) Furnace Gas Works 

, Cubic Metres 10® 


5 8 7 8 


Electricity Woh-comterc ia I 

Utility^^ Non-Util it/®^Oung Fire wood 

d r y 

kWh x 10® - GWh _ | Tonnes x 10 

9 10 11 12 


0.5 4.4 






0.5 

4.4 





0.5 

4.4 

0.35 

-0.00 

37.9 

19.3 



0.29 

37.9 

19.3 



0.29 

37.9 

19.3 



0.29 

37.9 

19.3 

0.5 

4.4 

0.03 

7.3 

13.2 





1.3 




0.03 

0.26 <5) 

iSSsi 

13.2 



0. 08 

3.9 

5.8 



0.07 

0. 01 

3.9 

5.8 



0.0 

/ 

18 

i 

8.1 






8.1 




0.02 





0.08 

11.0 


0.5 

4.4 



4.4 






3.2 

0.3< 4) 



0.2B 

37.9 

19.3 

0.5 

4. 4 

(Exc1uding 

Refinery Fuel Consumption). 

(' 000 Tonnes ) 





LDO Kerosene Fuel Oil Others Total Oil 

Products 


77 


7 


10 


61 


78 

12 




16 


BO 


2 

82 

22 

80 

61 

2 

260 


Fue I s 

Waste 

Products 

6 

13 

0.9 

0.9 

0.9 


0.9 


0.9 


0.9 
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TABLE 4-38 

PRODUCTION AND USES OF ENERGY SOURCES - BIHAR - 


Coking Non- 
Coal Coking 
Coa I 


1 2 


Natal - Non-Metal- 

lurgical lurgical 

Coke Coka 

Tonnes x 10® 

3 4 


A. PRINARY SOURCES OF ENERGY 


PRODUCTION 

15.56 

11.94 

LESS MIDDLINGS & REJECTS 

-0.67 


NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

-6.16 

-4.81 

STOCK CHANGES 

-1.69 

-1.61 

TOTAL CONSUMPTION 

7.04 

5.52 

QUANT 1T 1ES TRANSFORMED 

-4.82 

-2.74 

INTERNAL FINAL CONSUMPTION 

2.22 

2.78 


B. SECONOARY SOURCES OF ENERGY 


PRODUCTION 

2.22 

1 .84 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

-0.40 

-1.50 

STOCK CHANGES 

*0.03 

-0.03 

TOTAL CONSUMPTION 

1.85 

0.11 

QUANTITIES TRANSFORMED 

-0.67 


INTERNAL FINAL CONSUMPTION 

1.18 

0.11 

TOTAL INTERNAL FINAL CONSUMPTION 

2.22 2.78 1.18 

0.11 


BREAKDOWN OF INTERNAL FINAL CONSUNPTION 


A. CONSUMPTION BY THE ENERGY SECTOR & LOSSES 0.78 0.50 

Of which: Coal Minas and Washerias 0.7B 0.50 

Elect r ic Power Plants 
Coke Ovens 

Oil Refineries and Field Operation 
Losses 

B. CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION 

0.23 

1.48 


Of which: 

Road and Tramways 





Ra 1 1 roads 

0.23 

1.42 



Waterways 


0.07 



Ai r 




INDUSTRY 


1.21 

0.72 

1.18 

Of which: 

Mining & Quarrying 


0.02 



Fertilizer & Heavy Chemical 



0.22 


Structural Clay Products 


0.07 



Cement 


0.29 



Iron & Steel 

0.40 


0.98 


Non-Fe rrous 


0.04 



Textiles 





Other 

0.81 

0.30 


AGRICULTURE 


0.02 


DOMESTIC 





COMMERCIAL 





GOVERNMENT 



0.05 


OTHERS 





TOTAL INTERNAL FINAL CONSUMPTION 

2.22 

2.78 

1.18 


0.11 


0.11 


1/ Purchased from Non Utilities. 


5) Break up of Total Internal Final 


2/ Net balance of External Trade. 
3/ Sale to Utilities. 

4/Sa I e to other agencies 

— Values not possible to isolate 
and included in this figure. 


Consumption by 

Motor 
Spi r it 

Aviation ( 
Jet Fuel 

Transportation: 



Road & Tramways 

Ra i 1 roads 

Waterways 

Ai r 

Industry (Tota 1 ) 

Agriculture 

Domes tic 

53 

2 

Total Internal Finai 
Consumption 

53 

2 
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rude 

Total 

Manufactured Gas 

Electricity 

Non - Cootmer c i a 1 

Fue Is 

Oi 1 

Oil Pro- 

Blast Coke Oven & 

Utility Non-Uti1ity 

Dung Firewood 

Waste 


ducts 

Furnace Gas Works 


dry 

Products 



Cubic Metres 10 

kWh * 10 6 = GWh 

e 

Tonnes * 10 


5 

6 

_!_ 

,9 10 

,11 12 

13 


7.5 7.2 3.3 


7.5 7.2 3.3 

7.5 7.2 3.3 


‘0.42 


3993 


768 1 596.0 1 067.6 

175.9 1/ - 1 75.9 3/ 

-446.9 2/ 


0.42 

-0.02 

3993 
- 363 

768 

1 325.0 

891.7 

0.40 

3630 

768 

1 325.0 

891.7 

0.40 

3630 

768 

1325.0 

891.7 




1244 

244 

557. 1 

60.6 



1184 

20 

121.5 

99.6 

60.6 

0.40 <5) 

60 

224 

336.0 


0. 1 1 



22.4 

18.9 

0.06 

0.05 



22.4 

yPH 

i. u W 

18.9 

0.12 

2386 

524 

637. 1 

810.B 

1 

l 



2.4 

381.2 



2386 

524 

122.6 
371 .5 

135.7 

248.5 



29.3 

1 .4 
109.9 

18.4 

12.3 

14.7 

0.01 



18.3 


0.16 



44.3 






29.9 






15.9 

1.4 4 ' 

0.40 

3630 

768 

1325 

891.7, 

Consumpt ion 

of 01 

1 Products. 

( 900 

Tonnes) 


HSOO LDO 

Kerosene Fuel 

Oi 1 

Others Total 

Oil 


Products 


7.5 7.2 


7.5 7.2 


7.5 7.2 


3.3 


3.3 


3.3 


8 





61 

41 

1 


2 


43 

1 


1 




1 

2 

30 

12 

2 

72 


116 

7 

6 




13 



163 


2 

165 

86 

19 

165 

74 

2 

401 
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TABLE 4-37 

PRODUCTION AND USES OF ENERGY SOURCES - GUJARAT - 1860/1 



Coking 

Non- 

Metal¬ 

Non-Mata 1 


Coa 1 

Coking 

lurgical 

lurgical 



Coal 

Coke 

Coke 





Tonnes * t O 1 


t 

2 

3 

4 

A. PRIMARY SOURCES OF ENERGY 





PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

♦ 0.02 

♦ 3.67 



BUNKERS 

STOCK CHANGES 

TOTAL CONSUMPTION 

0.02 

3.67 



QUANTITIES TRANSFORMED 


-1.19 



INTERNAL FINAL CONSUMPTION 

0. 02 

2.48 



B. SECONDARY SOURCES OF ENERGY 





PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

STOCK CHANGES 



• 0. 03 

♦ 0.04 

TOTAL CONSUMPTION 

QUANTITIES TRANSFORMED 



0.03 

0.04 

INTERNAL FINAL CONSUMPTION 



0.03 

0.04 

TOTAL INTERNAL FINAL CONSUMPTION 

0.02 

2.48 

0.03 

0.04 


BREAKDOWN OF INTERNAL FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENERGY SECTOR & LOSSES 

Of which: Coal Mines and Washeries 
Electric Powe r Plants 
Coke Ovens 

Oil Refineries and Field Operation 
Losses 

B. CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION 

0.02 

1.10 



Of which: Road and Tramways 

Ra i 1 roads 

Waterways 

A i r 

D. 02 

1.10 



INDUSTRY 


1.37 

0.03 


Of which: Mining i Quarrying 

Fertilizer & Heavy Chemical 
Structural Clay Products 


0.14 

0.04 



Cement 

Iron & Steel 

Non-(e r r ous 

Texti 1 es 

Other 


0.47 

0.71 

0.01 

0.03 


AGRICULTURE 

DOMESTIC 

COMMERCIAL 

GOVERNMENT 

OTHER 


0.01 


0 04 

TOTAL INTERNAL FINAL CONSUMPTION 

0.02 

2.48 

0.03 

0.04 

1/ Purchased from Non-Ut i I 1 1 1 es . 


3 ' Break 

up of Total 

Internal 

2/ Sales to other agencies 

Consumption by 

Motor 

Spirit 

Aviation 1 
Jet Fuel 

—■■-Values not possible to 
isolate and inc1uded i n 
the figure. 

Electric Power Plants 

T ranspo r t a t ion 

Road & T ramways 

Ra i 1 roads 

Waterways 

A i r 

Industry (Total) 
Agriculture 

Oomes tic 

53 

10 


Total Internal 
Consumption 

Final 

53 

1 0 
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Manufactured Gas 


Electricity 


Nan-Commercial Fuels 


Crude 

Oil 

Tota 1 

Oil Pro¬ 
ducts 

Blast Coke Oven & 

Furnace Gas Works 

i Cubic MBtras x 10 6 

Utility 

, kWh x 

Non-Ut i 1 i ty 

10 8 = GWh , 

Dung Firewood 

d r y 

o 

Tonnes x 10 

5 

6 

7 8 

9 

10 

11 12 


2.0 8.0 


2.0 6.0 

2.0 6.0 



1271.4 

97.8 

♦ 0. 48 

1.0 1/ 


0.48 

1272.4 

97.6 

-0.04 



0 44 

1272.4 

97.6 

0.44 

1272.4 

97.6 


286. t 
82.3 


206.8 


0. 44 (3 ' 



0 > 

1 

16.7 

7.6 

0 . 1 

0 

16. 7 

7.6 

0 . in 



0. 14 

788.8 

89.4 

< 

l 

13.6 




44.0 

47.3 



454. 7 
276.5 

42. 1 


0.04 19.6 

0 15 71.6 


31.7 

54.9 

0 . 6 ' 2 ) 

0.44 12 72.4 97.6 

Final Consumption of Oil Products. (‘000 Tonnes) 


HSOO LOO Kerosene Fuel Oil Others Total Oil 

Products 


2.0 


2.0 


2.0 


6.0 


6.0 


6.0 


48 





101 

2 





2 






10 

5 

64 

1 

66 


136 

10 

31 




12 



151 


2 

153 

65 

95 

152 

66 

2 

443 


Was te 
Products 

13 

1.5 

1.5 
1.5 

1.5 


1.5 

1.5 


297 



TABLE 4-38 


PRODUCTION AND USES OF ENERGY SOURCES - JAMMU £ KASHMIR - 1980/1 


Coking Non- 
Coal Coking 
Coal 


1 2 


Matal- Non-Mat a I 
lurgical lurgical 
Coka Coke 

_ Tonnes » 10 6 

3 4 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 

TOTAL CONSUMPTION 
QUANT I T IES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

B. SECONDARY SOURCES OF EfCRGY 

PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 
STOCK CHAN8ES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

TOTAL INTERNAL FINAL CONSUMPTION 


BREAKDOWN OF INTERNAL FINAL CONSUMPTION 

A. CONSUMPTION BY THE ENERGY SECTOR t LOSSES 
Of which: Coal Minas ttashenas 
Electric Power Plants 
Coka Ovens 

Oil Refineries £ Field Operation 
Lassos 

B CONSUMPTION BY THE OTHER SECTORS 
TRANSPORTATION 

Of which: Road and Traaaiays 
Rai I roads 
Waterways 
A i r 

INDUSTRY 

Of which: Mining £ Quarrying 

Fertilizer £ Heavy Chemical 
Structural Clay Products 
Cement 

lion £ Steal 
Non-For rous 
Tenti las 
Othe i s 

AGRICULTURE 

DOMESTIC 

COMMERCIAL 

GOVERNMENT 

OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 


Consumption by 

Ttanspor tat ion 

Roads 

Ai r 

Agriculture 
Domes t i c 

Total 


(1) Break Up of Total 

Motor Aviation £ 
Spirit Jet FueI 

5 

2 

5 2 
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Crude 

Oil 


5 


Total 

Oil Pro¬ 
ducts 

Manufactured Sas 

Blast Coke Oven £ 

Furnace Gas Dorks 

Q 

, Cubic Metres x 10 

Electricity 

Utility Non-Ut i 1it y 

, kWh x IQ 6 * GWh 

Non 

Dung 

dry 

i. 

-Commercial 

Firewood 

0 

Tonnes x 10 

Fuels 

Waste 

Products 

6 

7 

8 

9 

10 

11 

12 

13 






0.2 

0.1 

0.3 






0.2 

0.1 

0.3 






0.2 

0.1 

0.3 


• 0.02 


43.8 
♦ 17.5 


0.02 81.1 

0.02 61.1 

0.02 81.1 0.2 0.1 0.3 


10.0 

0.5 


9.5 

0.02 (1 J 

0.02 

0.02 


22.1 


0.1 

22.0 

0.7 

22.5 

1.0 

4.8 

0.02 81.1 

Internal Final Consumption (‘000 Tonnes) 

HSDO Kerosene Total Oil 
Products 


0.2 0.1 0.3 


0.2 0.1 0.3 


9 14 

2 

1 1 

5 5 

1 0 5 22 
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TABLE 4-38 

PRODUCTION AND USES OF ENERGY SOURCES - KERALA - 1960/1 


Coking Non- Metal- Non-Metal- 

Coal Coking lurgical lurgicai 

Coal Coke Coke 

o 

Tonnes > 10 


11 MARY SOURCES OF ENERGY 

1 

2 

PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

STOCK CHANGES 

>0.02 

*0.14 

TOTAL CONSUMPTION 

QUANTITIES TRANSFORMED 

0.02 

0.14 

INTERNAL FINAL CONSUMPTION 

0.02 

0.14 


B. SECONDARY SOURCES OF ENERGY 
PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

TOTAL INTERNAL FINAL CONSUMPTION 0.02 0.14 

BREAKOOVN OF INTERNAL FINAL CONSUMPTION 


0.02 0.12 

0.02 


0.02 0.12 


A. CONSUMPTION BY THE ENERGY SECTOR & LOSSES 

01 which: Coal Mines and Vasharies 
Electric Power Plants 
Coke Ovens 

Oil Refineries and Field Operation 
Losses 

B. CONSUMPTION BY OTHER SECTORS 
TRANSPORTATION 

Of which: Road and Tramways 
Ra i I roads 
Waterways 

Al r 

INDUSTRY 

Of which: Mining t Quarrying 

Fertilizer and Heavy Chemical 
Structural Clay Products 
Cement 
Iron A Steel 
Non-Ferrous 
Testi las 
Othe r 

AGRICULTURE 
DOMESTIC 
COMMERCIAL 
GOVERNMENT 
OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 


Values not possible to 
isolate end included in 
this figure. 


0.01 


0.01 


0.02 0.14 

(1) Break up of Total Consumption 

Consumption by Motor Aviation t 

Spirit Jet FueI 

Trenspo r tation: 

Road & Tramways 33 

ReiI roads 

Waterways 

Ai r 

Indust ry (Total ) 

Agriculture 
Domestic 

Total Internal Final 
Consumption 33 
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Manufactured 6as 

Electr ic i ty 

Non 

-Commercia1 

Fue 1 s 

Crude Total 

Oil Oil Pro¬ 

ducts 

Blast Coke Oven & 
Furnace Gas Works 

Utility 

Non-Uti1it y 

Dung 
d r y 

Fi rewood 

Waste 

Products 


, Cubic Metres x 10 B 

, kWh x 

10 6 = GWh 

B 

i Tonnes x 10 


5 6 

7 6 

9 

10 

11 

12 

13 





1.0 

3.7 

1.3 





1.0 

3.7 

1.3 





1.0 

3.7 

1.3 

+ 0.33 
-0.08 


581.8 
+ 36.3 

0.6 




0.25 


618.1 

0.6 




0.25 


818.1 

0.6 




0.25 


618.1 

0.6 

1.0 

3.7 

1.3 


0.25 (,) 

0.10 

0.00 

0.02 

0.06 

* 


0.01 

0.08 


0.25 

of Oil Products. ('000 Tonnes) 


HSDO 

LOO 

Kerosene 

FueI Oil Other 

45 




2 

1 


14 

2 

3 


58 

8 

2 

80 

1 

57 

6 

80 

72 1 


124. S 

16.9 

108.0 

2.4 

2.4 

401.3 0.6 

111.4 

6.2 

130.8 

8.4 0.4 

142.5 0.2 

18.3 

51.1 1.0 3.7 1.3 

3.9 

16.2 

818.1 0.6 1.0 3.7 1.3 


Total Oi I 
Products 


78 

2 

15 


63 

10 

81 

249 
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TABLE 4-40 

PRODUCTION AND USES OF ENERGY SOURCES - MADHYA PRADESH - 1880/1 


A. PRIMARY SOURCES OF ENERGY 


PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

B. SECONDARY SOURCES OF ENERGY 
PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 
TOTAL INTERNAL FINAL CONSUMPTION 


Coking Non- 
Coal Coking 
Coal 


1 2 


6.74 

*1.28 -2.89 

-0.44 
1 .29 3.41 

- 1.02 - 0.66 
0.27 2.75 


0.27 2.75 

BREAKDOWN OF INTERNAL F 


Matal- Non-Matal- 

lurgical lurgical 
Coke Coke 

□ 

Tonnes * 10 


3 

4 

0.67 

*0.08 

*0.02 

0.76 

-0.30 

0.02 

0.46 

0.02 

0.46 

0.02 


CONSUMPTION 


A. CONSUMPTION BY THE ENERGY SECTOR & LOSSES 


0.32 


Of which: 

Coal Mines and Washerias 

Electric Power Plants 

Coke Ovens 

Oil Refineries and Field Operation 
Losses 


0.32 


8. CONSUMPTION BY OTHER SECTORS 




TRANSPORTATION 

0.12 

1.70 


Of which: 

Road and Tramways 

Rai1 roads 

Waterways 

Ai r 

0.12 

1.70 


INDUSTRY 


0.15 

0. 71 

0.46 

Of which: 

Mining & Quarrying 

Fertilizer & Heavy Chemical 

Structural Clay Products 


0.06 



Cement 


0.27 



1 ron & Steel 

Non-Fa r rous 

Test I las 

Othe r 

0.15 

0.27 

0.11 

0.48 


AGRICULTURE 

DOMESTIC 0-02 

COMMERCIAL 


GOVERNMENT 

0.02 



OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 

0.27 2.75 

0.46 

0.02 

(1) Sales to other agencies 

(2) Break up 

of Total 

Internal Final 


Consumption by 

Motor 

Spirit 

Aviation t 
Jet Fuel 

—•-Values not possible to isolate 
and included in this figure. 

Transportation: 
Road & Tramways 
Ra i Iroads 

Wa t erways 

Ai r 

41 

8 


Industry 
riculture 
Domestic 


Total Internal Final 
Consumption 41 8 


302 




Crude 

01 1 

Total 

Oil Pro¬ 
ducts 

Manufactured Oas 

Blast Coke Oven £ 

Furnace Gas Works 

Q 

, Cubi c Mat res x 10 

Elect rici ty 

Utility Non-Uti1it y 

, kWh x 10 8 = GWh 

Non-Cormne rc la 1 

Dung Firewood 
d r y 

i Tonnes x 10 8 

Fuels 

Waste 

Produc 

5 

6 

7 

8 

9 

10 

11 

12 

13 







3.7 

6.5 

2.2 







3.7 

6.5 

2.2 







3.7 

8.5 

2.2 



2 050 

288 

477.0 

240.6 





• 0.27 



♦ 27.0 






0.27 

2 06 0 

288 

504.0 

240.6 





-0.0! 

-183 

-18 







0.28 

1087 

270 

504.0 

240.8 





0.26 

1807 

270 

504.0 

240.6 

3.7 

6.5 

2.2 



443 

21 

112.3 

21.9 


232 


14. 1 

31 .0 

21.9 

0.26 (2) 

211 

21 

87.2 


0.11 



7.7 

2.9 

0.10 



7.7 

2.8 

0.01 





0.03 

1424 

24G 

279.5 

207.1 


* 




1424 

249 

4.8 

15.7 

0. 1 

38.7 
122.2 

61.8 

84.2 

58.9 

4.2 




0.0 

12 



3.9 





0.10 



45.4 


3.7 

6.5 

2.2 





20. 8 









34.4 

8.7(' > 




0.28 

1867 

270 

504.0 

240.6 

3.7 

8.5 

2.2 


Contuaption of Oil Products ('000 Tonnes) 


HSDO 

LOO 

Ke iosene 

Fuel Oi1 Others Total Oi 1 

Products 

56 



97 

13 

7 

13 

12 

1 

104 

8 

2 29 

19 

1 105 

78 

25 

105 

2 1 258 
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TABLE 4-41 

PRODUCTION ANO USB OF ENERBY SOURCES - MADRAS 0} - 1960/1 

Coking Non- Motal- Non-Metal- 

Cool Coking lurgical lurgicol 

Coal Coka Coka 

ft 

_Tonnaa x 10 



1 

2 

3 

4 

PRIMARY SOURCES OF ENER6Y 





PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

♦ 0.07 

‘1.63 



BUNKERS 

STOCK CHANBES 


-0.01 



TOTAL CONSUMPTION 

0.07 

1.62 



QUANTITIES TRANSFORMED 


-0.35 



INTERNAL FINAL CONSUMPTION 

SECONDARY SOURCES OF ENER6Y 

0.07 

1.27 



PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 



‘0.02 

♦ 0.01 

BUNKERS 

STOCK CHANBES 

TOTAL CONSUMPTION 

QUANTITIES TRANSFORMED 



0.02 

0.01 


INTERNAL FINAL CONSUMPTION 



0.02 

0.01 

TOTAL INTERNAL FINAL CONSUMPTION 

0.07 

1.27 

0.02 

0.01 


BREAKDOWN OF INTERNAL FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENER8Y SECTOR t LOSSES 

Of which: Coal Minaa t Waahariaa 
Elactrlc Powar Planta 
Coka Ovana 

Oil Rafinariaa and Field Oparation 
Losees 

B. CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION 

0.07 0.62 



Of which: Road and Trawwaya 

Ra 1 1 roada 

Waterways 

Ai r 

0.07 0.82 



INOUSTRY 

0.44 

0.02 


Of which: Mining t Quarrying 

Fertilizer A Heavy Chanica 1 
Structural Clay Products 

0.01 

0.08 



Conant 

0.32 

0.02 


Iron t Staa1 

Non-Fa rrous 

Text i las 

Other 

0.01 

0.04 


ABRICULTURE 

DOMESTIC 

COMMERCIAL 

GOVERNMENT 

0.01 


0.01 

OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 

0.07 1.27 

0.02 

0.01 


(2) Break up of Total 

Internal 

Consunption 

(1) The combined figures for Madras 
and Pondicherry are given. 

Consuiept ion by 

Motor 

Spirit 

Aviation t 
let Fuel 

—^-Values not possible to isolate 
and Included in thla figure. 

Transpor t at ion: 

Road t Tranways 

Rai1 roads 

Waterways 

Ai r 

62 

7 


Industry (Total) 

Ag ricu11 u r a 
Doneet Ic 

Total Internal Final 
Consumption 02 7 
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Crude Total Manufactured fiat Electricity Non-Commercial 


Oil 

Oil Pro¬ 
ducts 

Blast Coke Oven t 

Utility 

Non-Ut11ity 

Dung 

Firewood 


Furnace fiat Works 


10 8 * Bth 

dry 




i Cubic Metrss x 10 

, kWh x 

i 

Tonnes x 1 0 1 

5 

6 

7 8 

9 

10 

11 

12 






3.0 

7.1 





3.0 

7.1 




3.0 

7.1 


22 0 0 .8 

33.5 



♦ 0.58 
-0.07 

-25.3 

' 



0.51 

-0.01 

2175.5 

33.5 



0.50 

2175.5 

33.5 



0.50 

2175.5 

33.5 

3.0 

7.1 


442.4 

82.5 


379.9 


0.50 (2) 



0.23 

50.4 

f .8 

0.21 





50.4 

1.9 

0.01 



0.01 



0.09 

931.7 

31-.6 

1 

I 

28.9 


I 

1 

118.7 

0.1 



4.0 




228.3 

24.3 



551.8 

7.2 


0.01 389.0 

0.17 155.7 

156.8 

49.5 


0.50 

of OH Productt. 

HSDO LOO Kerosene 

147 


5 20 2 

7 5 

183 

159 25 185 


('000 Tonnes) 

Fuel Others 
011 

3 

9 

87 

1 

79 1 


2175.5 33.5 


Total Oil 
Produc ts 


209 

3 

9 

7 

94 

12 

164 


498 


3.0 7.1 


3.0 7.1 


Fue 1 1 

taste 

Products 

11 

2.2 

2.2 

2.2 

2.2 


2.2 

2.2 
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TABLE 4-42 




PRODUCTION 

AW USES OF ENERGY SOURCES 

- MAHARASHTRA 

1960/1 


Coking 

Non- 

Metal¬ 

Non-Meta 1 2 3 * * 


Coal 

Coking 

lurgical 

lurgical 



Coa 1 

Coke 

Coke 





Tonnes > 1 0 8 


1 

2 

3 

4 

A. PRIMARY SOURCES OF ENERGY 





PRODUCTION 


0.82 



NET BALANCE OF EXTERNAL TRADE 

♦ 0.24 

♦ 2.73 



BUNKERS 


-0. 01 



STOCK CHANGES 


-0. 01 



TOTAL CONSUMPTION 

0.24 

3.53 



QUANTITIES TRANSFORMED 

-0.10 

-1.24 



INTERNAL FINAL CONSUMPTION 

0.14 

2.29 



B. SECONDARY SOURCES OF ENERGY 





PRODUCTION 




0.07 

NET BALANCE OF EXTERNAL TRADE 



♦ 0.05 

♦ 0.08 

BUNKERS 





STOCK CHANGES 





TOTAL CONSUMPTION 



0 05 

0.15 

QUANTITIES TRANSFORMED 





INTERNAL FINAL CONSUMPTION 



0.05 

0. 15 

TOTAL INTERNAL FINAL CONSUMPTION 

0.14 

2.29 

0.05 

0.15 


BREAKDOWN OF INTERNAL FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENERGY SECTOR l LOSSES 

Of which: Coal Minai and Washeries 
Elactric Power Plants 
Coke Ovant 

Oil Refineries and Field Operation 
Losses 

B. CONSUMPTION BY OTHER SECTORS 
TRANSPORTATION 

Of which: Road and Tramways 
Ra i Iroads 
Waterways 

Ai r 

INDUSTRY 

Of which: Mining t Quarrying 

Fertilizer & Heavy Chemical 
Structural Clay Products 
Cement 

Irons SteeI 
Non-Fe r rous 
Testi les 
Others 

AGRICULTURE 

OOMESTIC 

COMMERCIAL 

GOVERNMENT 

OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 


0.04 
0. 04 


0.14 1.41 

0.14 1.41 



(1) Purchased from utilities. 

(2) Tramways consumption. 

(3) Sales to utilities. 

—•-Values not possible to isolate 

and included in this figure. 


Consumption by Motor Aviation g 

Spi r it Jet Fuel 

T ransporta tion: 

Road t Tramways 189 

RaiIroads 

Waterways 

Air 82 

Industry (Total) 

Agriculture 
Domest ic 


Total Internal Final 
Consumption 169 82 
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Crude 

Oil 

Tote i 

Oil Pro¬ 
ducts 

f 

Manufactured Oas 

Blast Coke Oven & 

Furnace Gas Works 

Cubic Metres x 10® 

Electricity 

Utility Non-Uti1 i t y 

. kWh * ID 8 - GWh 

Non-Comme rc ia1 

Ounj Firewood 
d r y 

p 

, Tonnes * 10 

Fue 1 s 

Waste 

Products 

5 

8 

7 

8 

g 

10 

11 

12 

13 







3.8 

10.5 

2.7 







3.8 

10.5 

2.7 







3.8 

1 0.5 

2.7 


4.38 
-2. i; 

30 

3268 . 0 
-31.4 

164.9 

- 0.1 3 


2.2(1) 

-2.1(3) 

- 0.00 

2.0: 

30 

3238.8 

162.8 

-0.20 

1.8’ 

30 

3238.8 

162.8 

1.6 

30 

3238.8 

162.8 


0.2.' 




561.7 







1 . 8 







135.8 


0.2 

1 




41 . 7 
382.3 


1.54(4) 






0.4 

1 




355.5 

8.2 

0.2 H 




10.0(2) 







345.5 

8.2 

0.01 






0.08 






0.68 




1792.4 

154.6 

J 

l 




48.4 

51 .9 

i 

l 




5.2 

1.0 






72.2 







2.9 

68.7 






864.2 

799.5 

33.0 

0.0 

C ( 




14.8 


0.4 

/ 



30 

261. 1 







198. 3 







55. 0 


1.8 




30 

3236.8 

162.8 

Consumpt i on c 

1' Or 1 

Products (Excluding Oil 

Refineries Consumption) 

HSDO LOO kerosene 

Fuei Oil 

Others 

Total Oil 







Products 


105 





274 


2 





2 


1 2 



50 


53 







82 


49 81 

7 


524 


661 


13 38 





51 



407 



8 

415 


170 121 

414 


574 

8 

1538 



3.8 10.5 


3.8 10.5 


3.8 10.5 

(‘ 000 Tonnes) 


2.7 


2.7 


1.7. 
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TABLE 4-43 


PRODUCTION AND USES OF ENERGY SOURCES - MYSORE - 1060/1 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

B. SECONDARY SOURCES OF ENERGY 

PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

TOTAL INTERNAL FINAL CONSUMPTION 


Coking Non- Motal- Non-Metal - 

Cool Coking lurglctl turgieol 

Coal Coka Coka 

Tonnaa x 10* 


12 3 4 


*0.04 *0.66 


0.04 0.66 

- 0.10 
0.04 0.38 


*0.08 


0.08 

-0.03 

0.06 

0.04 0.58 0.06 


IREAKOOVN OF INTERNAL FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENERGY SECTOR 1 LOSSES 

01 which: Coal Minaa and Maahariea 
Elactrlc Powar Plant* 

Coka Ovanx 

Oil Rafinarla* and Fiald Oparation 
Lotaat 

B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION 0.04 

Of which: Road t Tramways 

Railroads 0.04 

Waterways 

Air 

INDUSTRY 

Of which: Mining & Quarrying 

Fart i IIzar t Haavy Cham I cal 

Structural Clay Products 

Csnant 

I run t Stas I 

Non-Fa r rous 

Textilas 

Othar 

AGRICULTURE 

DOMESTIC 

COMMERCIAL 

GOVERNMENT 

OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 0.04 


0.41 

0.41 

0.17 

0.16 
0.01 


0.58 


0. OB 


0. 06 


0. OB 


—•.Values not possible to isolate 
and included in this figure. 


(1) Break up of Total Internal Final 


Consumption by Motor 
Spirit 

Transpor tat ion: 

Road t Tramways 38 

RaiI roads 

Waterways 

Air 

Indust ry 
Agriculture 
Domestic 

Total Internal Final 
Consumption 39 


Aviation t 
Jet FuaI 


5 


5 
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Crude Total 
Oil Oil Pro¬ 
ducts 


5 8 


Manufactured Sea Electricity 

Blast Coke Oven t Utility Non-Utility 

Furnace Oas forks 

Cubic Metres x IQ 6 , kfh x 10 6 * fifh 
7 8 9 10 



1022.7 

100.2 

*0.29 

♦ 50.0 


0.29 

1072.7 

109.2 

-0.01 



0.26 

1072.7 

109.2 

0.28 

1072.7 

109.2 




176.3 








181.5 


0.28 (1) 

0.13 

8.3 

1.8 

0.12 

8.3 

1.8 

0.01 

0.03 

887.0 

106.4 

i 


113.0 

28.6 

0.1 

1 

1 

8.2 

279.7 

55.4 



52.0 

207.5 

20.0 

30.9 

0.02 

28.7 


0.10 

75.3 




21.3 




77.8 

1.0 

0.28 

1072.7 

109.2 


Non-Commercial Fuels 


Dung Firewood Waste 
dry Products 

g 

Tonnes * 10 


11 

12 

13 

2.5 

8.9 

1.7 

2.5 

6.9 

1.7 

2.5 

6.9 

1.7 


2.5 8.9 1.7 


2.5 6.0 1.7 


2.5 6.9 1.7 


Consumption oi Oil Products. ('000 Tonnes} 


HSDO 

IDO 

kerosene 

Fuel Oil 

Others 

Total Oil 
Products 

85 

1 





124 

1 






5 

3 

14 

l 

15 


33 

8 

11 




19 



99 


1 

100 

97 

25 

100 

15 

1 

282 
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TABLE 4-44 

PRODUCTION AND USES OF ENER6Y SOURCES - ORISSA - 1960/1 

Coking Non- Metal- Non-Metal- 

Coat Coking lufgical lutgical 

Coal Coke Coke 

_ Tonnai » 10 9 

12 3 4 

A. PRIMARY SOURCES OF ENERGY 
PRODUCTION 

NET BALANCE OF EXTERNAL TRAOE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

B SECONOARY SOURCES OF ENERGY 


PRODUCTION 

0.57 


NET BALANCE OF EXTERNAL TRAOE 

BUNKERS 

STOCK CHANGES 

-0.07 

‘0.01 

TOTAL CONSUMPTION 

0.50 

0. 01 

QUANTITIES TRANSFORMED 

-0.17 

0.01 

INTERNAL FINAL CONSUMPTION 

0 33 

TOTAL INTERNAL FINAL CONSUMPTION 

0.01 0.50 0.33 

0.01 


6REAKD0RN OF INTERNAL FINAL CONSUMPTION 


A CONSUMPTION BY THE ENERGY SECTOR & LOSSES 0.04 

01 which: Coal Mines & Rasheries 0.04 

EI eel i ic Power Plants 
Coke Ovens (Steel Plants) 

Oil Refineries & Field Operation 
Los ses 

B. CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION 

0. Ot 

0 30 


Of which: 

Road and Tr amwa ys 

Ra i Iroads 

Ra t erways 

A i r 

0. 01 

0.30 


INOUSTRt 



0.16 

0.33 


01 which: Mining t Quarrying 

Fertilizer & Heavy Chemical 
Structural Clay Products 
Cement 

Iron & Steel 
Non -Fe r r ous 
Te 1 1 1 Ies 
Ot hers 

AGRICULTURE 

OOMESTIC 0.01 

COMMERCIAL 

GOVERNMENT 

TOTAL INTERNAL FINAL CONSUMPTION 0.01 0.50 0.33 0.01 


0.01 
0.05 
0. 08 

0.33 

0.01 

0.01 


0.60 

•0.87 -0.25 

-0.05 
0.87 0.80 
• 0.86 - 0.10 
0.01 0.50 


I/ Inter-State purchases 
2/ Purchased Horn N;n-Ut i I 1 1 i es 
3 / Sales (torn Non-Ut i lit ies. 

^Va'ues not possible to tsola'e and 
included in this t >gure 


4 Break up ol Total Internal Final 

Consumption by Motor Aviation t 

Sp i n t let Fue I 

Transportation, 

Road & T ramways 1 8 

Ra i I r oad s 
Rat e rways 
A i r 

Industry (Total) 

Agr i c u 11 u r e 
Domes t ic 

Total Internal Final 
Cons umpt i on 18 
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Total 

Oil Pro¬ 
ducts 

Manufactured Gas 

Blast Coke Oven & 

Furnace Gas Works 

g 

i Cubic Metres x 10 

€ lect r icity 

Utility Non-Uti 1 i ty 

1 kWh x 10 6 - QWh 

Non-Commercial 

Dung Firewood 
d r y 

j Tonnes x 10® 

Fue 1 

Waste 

Products 

8 

7 

8 

9 

10 

11 

12 

13 






0.8 

7.8 

1.4 






0.8 

7.8 

1.4 






0.8 

7.8 

1.4 


1364 

238 

489. 9 

306.7 




*0.08 



*35.0 

1/ 







*44.8 

2/ -44.8 3/ 




0.08 

1364 

238 

569.6 

261.9 





-468 

-65 






0.08 

896 

173 

569.6 

261.9 




0.08 

896 

173 

569.6 

261.9 

0.8 

7.8 

1.4 



569 

28 

73.0 

4.1 


150 


2.0 

4.1 


419 

28 

67.3 


0.08 4, 





0.03 



1.6 

0.1 

0.03 



1.6 

0.1 

0.01 

1 

327 

145 

464.2 

257.7 

Jl 

327 

145 

38.9 

iarn 

220.4 

0.4 

98.7 

1 75.4 

10.4 

71.9 




0.8 


0. 04 



18.3 





7.9 





3.8 


0.08 

896 

173 

569.6 

261.9 


Consumption ol Oil Products. (‘000 Tonnes) 

HSDO LOO Kerosene Fuel Oil Total Oil 

Produc ts 


19 


4 


40 


3 


84 




TABLE 4-45 

PRODUCTION AND USES OF ENEROY SOURCES - PUNJAB - 1960/1 1/ 

Coking Non- Metal- Non-Metal- 

Coal Coking lurglcal lurgical 

Coal Coke Coke 

Tonnet * 10® 


PRIMARY SOURCES OF ENERGY 

1 

2 3 

4 

PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

STOCK CHANGES 

♦ 0.08 

♦ 2.17 


TOTAL CONSUMPTION 

QUANTITIES TRANSFORMED 

0.08 

2.17 

-0.43 


INTERNAL FINAL CONSUMPTION 

SECONDARY SOURCES OF ENERGY 

0.08 

1.74 


PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

STOCK CHANGES 


♦ 0.11 

♦ 0.31 

TOTAL CONSUMPTION 

QUANTITIES TRANSFORMED 


0.11 

0.31 

INTERNAL FINAL CONSUMPTION 


0.11 

0.31 

TOTAL INTERNAL FINAL CONSUMPTION 

0.08 

1.74 0.1 1 

0.31 


BREAKDOBN OF 

INTERNAL FINAL 

CONSUMPTION 


A. CONSUMPTION BY THE EfCROY SECTOR & LOSSES 

Of which: Coal Mines and Waiheries 
Electric Power Plants 
Coke Ovens 

Oil Refineries & Field Operations 
Losses 

B. CONSUMPTION BY THE OTHER SECTORS 


TRANSPORTATION 

0.08 0.74 



Of which: Road and Tramways 

Ra i 1 roads 

Waterways 

A1 r 

0.08 0.74 



INDUSTRY 

0.76 

0.11 


Of which: Mining and Quarrying 

Fertilizer and Heavy Chemical 
Structural Clay Products 

Cement 

0.04 

0.21 



0.15 



Iron 8 Steel 

Non-Ferrous 

Texti1es 

Othe rs 

0.13 

0.23 

0.11 


AGRICULTURE 

0.08 


0.03 

DOMESTIC 

COMMERCIAL 

GOVERNMENT 

0.16 


0.31 

OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 

0.08 1.74 

0.11 

0.31 


2/ Break up 

of Total 

internal Final 

1/ Includes figures for Himachal 

Pradesh and Delhi. 

Consumption by 

Motor 

Spirit 

Aviation l 
Jet Fuel 

—■»Values not possible to isolate 
and included in this figure. 

Transportat ion: 
Road & Tramways 
Rai 1 roads 
Waterways 

Ai r 

77 

42 


Industry (Total) 

Agriculture 
Domestic 

Total Internal Final 
Consumption 77 42 
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Crude 
Oi I 


5 


Tot a I 
Oil Pro¬ 
ducts 


8 


Manufactured Sas 

Blast Coka Ovan 8 

Furnace 8as lorka 

Cubic iatras x 10® 

7 B 


Electricity 
Utility Non-Utility 

, kih x tO B « 6»h 
9 10 



1293.0 

176.8 

»0.42 

-35.7 


0.4? 

1257.3 

176.8 

-0.01 



0.41 

1257.3 

178.8 

0.41 

1257.3 

176.8 


297.5 

28.7 


270.8 


0.41 2- 

0.21 

24.2 

0.2 

0.17 

24.2 

0.2 

0.04 



0.05 

480.0 

176.8 

1 

1 

1.8 

51.1 



38.0 

38.1 



37.0 

402.2 

59.2 

28.2 

0.03 

79.8 


0.12 

187.9 




135.0 




72.9 


0.4i 

1257.3 

17B.8 


Consumption ol Oil Products • (’000 Tonnes) 


HSOO 

LOO 

Ka i osana 

Fuel Oil 

Others 

Total Oil 
Products 

92 





169 

3 





3 






42 

13 

22 

2 

12 


49 

15 

12 




27 



111 


8 

117 

123 

34 

113 

12 

6 

407 


Non - Coa»e r c i a I Fuels 

Dung Firewood Baata 
dry Products 

Tonnes x 10® 


11 

12 

13 

5.2 

5.4 

1.5 

5.2 

5.4 

1.5 

5.2 

5.4 

1.5 


5.2 5.4 t .5 


5.2 5.4 1.5 


5.2 5.4 1.5 


313 




TABLE 4-48 


PRODUCTION AND USES OF ENER6Y SOURCES - RAJASTHAN - 1980/1 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION 

NET BALANCE OF EXTERNAL TRAOE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

B. SECONDARY SOURCES OF ENERGY 

PRODUCTION 

NET BALANCE OF EXTERNAL TRAOE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

TOTAL INTERNAL FINAL CONSUMPTION 


Coking Non- 
Coal Coking 
Coal 


1 2 


0.05 

♦ 0.8 0.42 


O.B 1.47 

-0.24 
0.8 1.23 


0.8 1.23 

BREAKDOWN OF INTERNAL FI 


Metal- Non-Metal - 

lurgical lurgical 

Coke Coke 

e 

Tonnes * 10 


3 

4 

♦ 0.01 

♦ 0.02 

0.01 

0.02 

0.01 

0.02 

0.01 

0.02 


CONSUMPTION 


A. CONSUMPTION BY THE ENERGY SECTOR & LOSSES 


Of which: Coal Mines and Washeriss 
Electric Power Plante 
Coke Ovens 

Oil Refineries and Field Operation 
Losses 

B. CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION 

0.8 0.83 


Of which: Road and Tramways 

Rai1 roads 

O.B 0.83 


Rate rways 

Air 

INDUSTRY 

0.34 

0.01 

Of which: Mining & Quarrying 

Fertilizer & Heavy Chemical 

0.02 


Structural Clay Products 

0.01 


Cement 

0.24 

0.01 

Iron & Steel 


Non-Ferrous 

Tex 11 las 

0. U4 


Others 

0.03 


AGRICULTURE 

0.02 


DOMESTIC 

COMMERCIAL 

GOVERNMENT 

0.04 


OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 

0.6 1.23 

0.01 


3/ Break up of 

Total 

1/ Purchase from non-utility 

Consumption by 

Motor 

Spirit 

2/ Sales to other agencies 

T ranspo r tation: 


Values not possible to isolate 

Road & Tramways 

30 

Rai1 roads 


end included in this figure. 

Waterways 

Ai r 

Industry (Total ) 
Agriculture 

Domestic 

Total Internal Final 



Consumption 

30 


0.02 


0.02 

Internal Final 

Aviation t 
Jet Fuel 


1 


1 
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Crude 

Oil 


5 


Total Oil Manufactured Gas Electricity Non-Commercial Fuels 

Products Blast Coke Oven & Utility Non-Utility Dung Firewood taste 

Furnace Gas Works dry Products 

Cubic Metres * 10® kWh * 10® = Gth Tonnes x 10® 

__ l ___ I . __ _ _ 


8 

7 

8 

9 

10 

11 

12 

13 






2.3 

5.2 

1.8 






2.3 

5.2 

1.8 






2.3 

5.2 

1.8 


♦ 0.15 

100.3 
♦ 22.7 

145.3 


0.2 

1/ 

0.15 

123.2 

145.3 

-0.01 



0.14 

123.2 

145.3 

0.14 

123.2 

145.3 


29.5 

4.3 


25.2 


0.14 3/ 

0.06 


8.1 

11.0 

0.06 


8.1 

11.0 

0.02 


20.8 

134.0 

1 

l 



0. 1 

122.4 

0.2 








14.9 

10.7 

0.6 

0.01 


3.6 


0.05 


20.7 





15.9 





24.8 

0,3 

0.14 


123.2 

145.3 

nsumption of 

Oil Products. ('000 Tonnes) 


SDO LOO 

fe r osene 

Fuel Oi1 Others 

Total Oil 
Products 


29 

1 



59 

1 


5 7 

11 

45 

8 

2 

1 

20 

11 

47 


35 18 

45 

8 2 

139 



5.2 


5.2 


5.2 


1.6 


1 .8 


1.8 
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TABLE 4-47 

PRODUCTION AND USES OF ENERQY SOURCES - UTTAR PRADESH - 1980/1 

Coking Non- Metal- Non-Metal- 

Coal Coking lurgical lurgical 

Coal Coka Coke 

_IUMM.-S-J B 8 . 



1 

2 

3 

4 

PRIMARY SOURCES OF ENERGY 





PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

♦ 0.22 

♦4.58 



BUNKERS 

STOCK CHANGES 

TOTAL CONSUMPTION 

0.22 

4.58 



QUANTITIES TRANSFORMED 


-0.85 



INTERNAL FINAL CONSUMPTION 

0.22 

3.83 



SECONDARY SOURCES OF ENERGY 





PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

STOCK CHANGES 



♦ 0.09 

♦ 0.18 

0.18 

TOTAL CONSUMPTION 

QUANTITIES TRANSFORMED 



0.09 


INTERNAL FINAL CONSUMPTION 



0.09 

D. 16 

TOTAL INTERNAL FINAL CONSUMPT1 ON 

0.22 

3.83 

0.09 

0.18 


BREAKDOWN OF INTERNAL FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENERGY SECTOR & LOSSES 

Of which: Coal Minas and Washarias 
Elactric Power Plants 
Coka Ovens 

Oil Raflneries and Field Operation 
Losses 

B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION 

Of which: Road and Tramways 
RaiI roads 
Waterways 
Air 

INDUSTRY 

Of which: Mining t Quarrying 

Fertilizer A Heavy Chemical 

Structural Clay Products 

Cement 

I ran ft Steel 

Non-Far roue 

Textiles 

Others 

ABRICULTURE 

DOMESTIC 

COMMERCIAL 

GOVERNMENT 

OTHERS 

TOTAL INTERNAL FINAL CONSUMPTION 
(1) Sales to other agencies 


—w^Valuas not possible to isolate 
and included in this figure. 


0.22 2.48 



0.22 2.48 



1.00 

0.09 


0.09 

0.28 

0.07 

0.09 


0.17 

0.39 



0.07 


0.16 

0.08 



0.22 3.83 

0.09 

0.18 

(2) Break up 

of Total 

Internal Fina 

Consumption by 

Motor 

Spirit 

Aviation t 
let Fuel 

Transportation: 

Road & Tramways 

Rai1 roads 
Waterways 

Ai r 

Industry (Total) 

Agr i cu 11 ure 

Domest ic 

51 

40 

Total Internal Final 

1 



Consumption 51 40 
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Crude 
011 


9 


Total 
Oil Pro- 


e 


Manufactured Baa 

Blaat Coke Oven t 
Furnace Baa Vorka 

, Cubic Metrea x 10 6 
7 8 


Elect ricIty 
Utility Non-Utility 

■ kfh > 10 6 - 8>h 
B 10 


Non - Comm* re I a I 

Dung Firewood 

d r y 

Tonnoa i 10 8 

11 12 


14.9 12.2 





14.5 

12.2 




14.5 

12.2 


1252.4 

160.8 



♦0.45 





0.45 

1252.4 

180.8 



-0.01 





0.44 

1252.4 

160.8 



0.44 

1252.4 

180.8 

14.5 

12.2 




278.8 






58.8 






217.0 




0.44 (2) 

0.18 

0.13 

3B.8 

22.8 



0.01 

38.8 

22.8 



0.04 





0.04 

484.1 

137. 8 



1 

l 

1.4 

27.5 





1.0 

32.8 





8.4 

0.2 





147.1 

8.5 





305.2 

87. B 



0.04 

200.0 




0.18 

122.7 


14.5 

12.2 



74.8 






74.4 

o.i (1) 



0.44 

1252.4 

160.8 

14.5 

12.2 


Consumption ol Oil Products ('000 Tonnes) 


HSOO 

LOO 

Kerosene Fuel Oil 

Others 

Total Oil 
Products 

80 




131 

10 

1 

1 


11 

1 

40 

10 

28 

2 4 


42 

12 

22 



34 



181 

2 

183 

112 

48 

183 5 

2 

442 


Fuels 

Waste 

Products 

-- 

13 

9.3 

5.3 
5.3 


5.3 


5.3 


5.» 
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1880/1 


TABLE 4-48 

PRODUCTION AND USES OF ENER8Y SOURCES - VEST BEN8AL - 


Cok ing 
Cot I 


Non- 
Coking 
Coal 


Metal- Non-ltotal- Crudi 
lurgical lurgical Oil 
Coke Coke 

Tonnes x \(P 


1 


4 9 


A. PRIMARY SOURCES OF ENERSY 


PRODUCTION 

0.68 

18.23 

NET BALANCE OF EXTERNAL TRADE 

♦ 3.18 

-10.12 

BUNKERS 

-0.07 

-0.06 

STOCK CHANSES 

-0.35 

TOTAL CONSUMPTION 

3. 79 

5.70 

QUANTITIES TRANSFORMED 

-2. 76 

-1.78 

INTERNAL FINAL CONSUMPTION 

1.03 

3.84 


B. SECONDARY SOURCES OF ENERSY 


PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS 

STOCK CHANCES 


TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 


TOTAL INTERNAL FINAL CONSUMPTION 


1.03 3.94 


1.79 

-0.09 


< 0 . 02 
1.72 
-0.73 
0.98 

0.89 


0.18 

*0.83 

1.01 

1.01 

1.01 


BREAKDOWN OF INTERNAL FINAL CONSUMPTION 


CONSUMPTION BY THE ENERSY SECTOR l LOSSES 

0.03 

0.6 


Of which: Coal Minas and Vasheries 

Elect ric Power Plants 

Coke Ovens 

Oil Refineries and Field Operation 
Lottes 

0.03 

0.8 


CONSUMPTION BY THE OTHER SECTORS 

TRANSPORTATION 

0.24 

1.74 


Of which: Road and Tramways 

Rai1 roads 

Waterways 

Air 

0.24 

1 .90 
0.24 


INDUSTRY 

Of which: Mining t Quarrying 

Fertilizer & Heavy Chenica1 
Structural Clay Products 

Cement 

0.76 

1.18 

0.02 

0.14 

0.99 

1 ron & Stee 1 

Non-Fer rout 

Teiti1 as 

Others 

0.76 

0.06 

0.96 

0. 89 


AGRICULTURE 



DOMESTIC 



COMMERCIAL 


0.07 

GOVERNMENT 


0.15 

OTHERS 



TOTAL INTERNAL FINAL CONSUMPTION 

1.03 

3.94 


1 .01 


1.01 


1/ Tramways Consumption 

2/ Sales to other agencies 

lues not possible to isolate 
included in this figure. 


3/ Break up of 
Consumption by 

Transportat ion: 
Road & T ramways 
RaiIroads 
Waterways 

A i r 

Industry (Total ) 
Agr icuIture 
Domestic 


Total Internal Final 

Motor Aviation 1 
Spirit let Fuel 

120 

99 


Total Internal Final 
Consumption 120 59 
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Total 

Oil Pro¬ 
ducts 

Manufactured Gas 

Blast Coke Oven t 

Furnace Gas Works 

O 

Cub i c Met res t 10 

1 

El act r ici t y 

Utility Non-Utility 

kWh * 10 6 = GWh 

J_ 

Non-Coniee rc i a 1 

Dung Firewood 
dry 

Tonnes x 10 

1 

Fue 1 s 

Waste 

Products 

6 

6 

7 8 

8 

10 

11 12 

13 





3.0 8.0 

2.2 







3.0 

6.0 

2.2 






3.0 

6.0 

2.2 


4679 

915 

2318.3 

623.1 




♦ 0.72 
-0.07 



♦471.9 





0.85 

4679 

915 

2790.2 

823.1 




-0.01 

- 1323 

-84 






0.84 

3356 

831 

2780.2 

823.1 




0.84 

3358 

831 

2790.2 

623.1 

3.0 

8.0 

2.2 




1409 

158 

363.7 

7.5 






344 

20 

117.2 

130.7 

7.5 






1.0 









1065 

138 

114.8 





0.84 3/ 

0.25 



169.4 

25.2 




0.19 



48.1 

1/ 








121.3 

25.2 




0.06 








0.15 

1947 

643 

1687.8 

427.0 




1 




107.8 

25.6 








7.5 







1947 

643 

120.8 

194.2 








20.2 

66.5 








587.1 

53.7 








824.6 

87.0 




0.02 



0.8 





0.22 


30 

353.5 

163.4 Z) 

3.0 

8.0 

2.2 





115.8 








1 19.4 

823 .1 




0.84 

3356 

831 

2790.2 


3.0 

8.0 

2.2 


Consumption of Oil Products. (‘000 Tonnes) 


HSDO 

LOO 

He r osene 

Fuel Oil 

Others 

Tota 1 Oi1 
Products 

88 



1 


186 

1 

2 

1 


1 

1 


1 

4 






59 

27 

15 

2 

108 


150 

11 

11 




22 



213 


2 

215 

108 

27 

215 

108 

2 

637 
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ANNEX 5 

Basic Energy Statistics in Coal Replacement Units 


CONTENTS 

I. Replacement and conversion factors used in the 

India Energy Study. 

II. Notes concerning the tables. 

APPENDIX I. • Note on coal replacement ol thermal 
power 

APPENDIX II. • Gross efficiency of coke 8< gas 
manufacture 

APPENDIX III. - Comparison of coal replacement of 
Internal Consumption of energy 
sources deriving from coal with 
actual input of coal in 1960/1. 

III. Tables in coal replacement. 

Table 

No. 

Total Internal F inal Energy Consumption 
Broken down by Sector of Consumption and 
Source of Energy and Total F'inal Energy 
Consumption of Oil Products Broken Down 
by Sector of Consumption 


5-1.& 1A 

All India 

1953/4 

5-2.&2A 

All India 

1954/5 

5-3.&3A 

All India 

1955 '6 

5-4.&4A 

All India 

1956/7 

5-5.&5A 

All India 

1957/8 

5-6.&6A 

All India 

1958/9 

5-7.&7A 

All India 

1959 '60 

5-8. &8A 

All India 

1960/1 

5-9. &9A 

All India 

1961/2 

5-10 & 10A 

All India 

1962 3 


Total F inal Energy Consumption Broken Down 
By Sector of Consumption and Source of 
Energv in I 960 T 

5-11 Andhr.i Pradesh 

5-12 Assam 

5-13 Bihar 

5-14 Gujarat 

5-15 Jammu & Kashmir 

5-16 Kerala 

5-17 Madhya Pradesh 

5-18 Madras 

5-19 Maharashtra 

5-20 Mysore 


Table 

No. 

5-21 Orissa 
5-22 Punjab 
5-23 Rajasthan 
5-24 [Jttar Pradesh 
5-25 West Bengal 

Trends of Energy Consumption in Different 
Sectors of Final Consumption-All India - 
1953/4 to 1960/1. 

5-26 A Transport - Road and Tramway 
B Transport - Rail-road 
C Transport - Waterway 
D Transport - Airways 
E Industry - Iron & Steel 
F Industry - Fertiliser 
G Industry - Heavy Chemicals 
H Industry - Structural Clay Products 
I Industry - Cement 
J Industry - Mining and Quarrying 
K Industry - Non-Ferrous Metals 
L Industry - Textiles 
M Industry - Others 
N Agriculture 
0 Domestic 
P Commercial 
Q Government 
R Other Sectors 
S Energy Sector and Losses 
5-27 Energy Consumption in India by State 
in 1960/1 expressed in terms of 
primary sources. 

5-28 Contribution of the various forms of 

primary energy to the total consumption 
of primary energy in the various States 
in India during 1960/1. 

5-29 Energy Consumption in India by State 

in 1960/1 expressed in terms of indigenous 
primary sources and imports. 

5-30 Final Consumption of various forms of 
energy by State in 1960/1. 

5-31 Contribution of the various forms of 
Primary and Secondary Energy to the 
Total Consumption of Energy for each 
State during 1960/]. 
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I. REPLACEMENT AND CONVERSION FACTORS 
USED IN THE INDIA ENERGY STUDY 

A. Basic assumptions 

1. In trying to express the Indian energy economy 
as simply ns possible in terms of coal, the following 
basic assumptions have been made: 

(a) The coal replacement should give a 
fair idea of the amount of coal re¬ 
quired to substitute or produce 
other sources of energy. 

(b) “Substitution of coal for coal” 
should be avoided. Actual quanti¬ 
ties of coal should be stated where- 
ever possible without attempting 
e.g. to express tonnes of coal at 
4400 kcal/Tg in terms of equivalent 
tonnes of the average 6440 kcal/kg. 

Such a procedure would cause con¬ 
fusion and would jeopardise a major 
advantage of “coal replacement” 
namely to leave the figures for the 
major source as they are . 

(c) The replacement factors will in many 
cases be arbitrary since a great 
variety of substitution patterns are 
possible. Since the coal replacement 
figures are mainly going to be used in 
forecasting future energy requirements, 
the choice of substitution factor 
should take account of average re¬ 


placement trends expected in the 
future rather than past or present 
averages. 

(d) The set of substitution and con¬ 
version factors should be simplified 
as far as possible without causing 
major distortions. 


B. Coal required for electricity production 

2. A detailed study has been made on past and 
foreseeable future efficiencies of utility thermal 
electric plant. With plant losses of 6 per cent of 
units generated and transmission and distribution 
losses of 12 per cent of units sent out, the average 
coal input per kWh finally consumed is on the aver¬ 
age 0.95 kg for the period 1955 to 1961/2 varying 
only between 0.90 and 0.98. 

3. A complete calculation of all the fuel inputs 
to electricity generation, using the basic statistics 
for 1960/1 and also taking account of industrial 
self-generation, gives a factor of 1 kg/kWh finally 
consumed (see Appendix I,). This figure should be 
adequate for past statistics 

4. Although average efficiency in utility thermal 
plant is expected to increase by one fifth from 29.2 
to 35.1 per cent between 1965/6 and 1980/1, per unit 
consumption of coal will only decrease by about 7 
per cent due to the downward trend in its average 
heat value. The table below sets out the assumption 
made for various future years: 


FUTURE CONVERSION FACTORS FOR ELECTRICITY 
PRODUCED IN UTILITY THERMAL PLANT 



1965/6 

1970/1 

1975/6 

1980/1 

Average efficiency 

29.2% 

32.8% 

34.2% 

35.1% 

kcal/kWb 

2950 

2625 

2520 

2450 

Heat value coal 

kcal/kg (1) 

4850 

4500 

4400 

4350 

kg coal/kWh: 

(a) Generated 

0.608 

0.583 

0.573 

0.563 

(b) Plant 

output (2) 

( 0 ) 

( .94) 

0.647 

0.620 

0.610 

0.599 

(c) Consumed (3) 

0.735 

0.704 

0.693 

0.681 


( ° ) 

(.827) 

(1) overage of all cool used; 

(2) based on 6% of units generated as plant's 
own use; 

(3) based on 12 % of units sent out as system losses. 
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11. The resulting average replacement factor is 
6.9 tonnes of coal per tonne of oil product. Since 
the black products only account for about 23 per cent 
of the total product mix, the average factor is not 
very sensitive to changes in the rate chosen for fuel 
oil. In fact, a ratio of 3 instead of 2 would only bring 
the average factor up to 7.1. 

12. A possible future product mix of 37 per cent 
black and 63 per cent white products would bring the 
average factor down to 6. The choice of a higher re¬ 
placement factor for black products, however, would 
partially offset this decrease. A ratio of 3 instead of 
2 would in fact bring the average factor back to 6.4. 

13. On the whole it is believed that an average 
replacement factor of 6.5 would make sufficient al¬ 
lowance for a possible under-estimate of the future 
relative importance of black products, it should give 
a fair reflection of the higher efficiency, flexibility 
and value of petroleum products as compared to coal. 
It means, in fact, that on the average oil is used by 
final consumers with an efficiency 3 to 4 times higher 
than that of coal. 

D. Coke and Gas 

14. A factor of 1.5 tonnes of coal per tonne of 
soft coke results from data supplied by the Central 
Fuel Research Institute and is consistent with the 
basic statistics. Unfortunately, a similar factor can¬ 
not be used for the bulk of the hard coke production 
since it would mean a double counting of the gas 
output. In fact, 1.5 tonnes of coal produce 1.0 tonne 
of hard coke as well as about 400 m3 gas which is 
recovered. 

15. The gross efficiency of gas and coke making 
in India is 81 per cent, leaving aside the soft coke 
manufacture (1). In calculating coal equivalents for 
coke and gas, we can simplify by counting gas work 
gas together with coke oven gas, since the con¬ 
sumption of the former was only about 4% of the lat¬ 
ter in 1960/1. 

16. We then got the following factor for coke, 
(excluding soft coke): 


m 3 manufactured gas. 

18. For blast furnace gas we get the following 
factor: 

_950 kea l/m 3 B FG _ 

0.81 x 6640 keal/kg coking coal~ ' ^ B > ^’ G 

Or in other words, it takes 0.18 million tonnes of 
coking coal to provide the heat content of 1000 mil¬ 
lion m 3 blast furnace gas (3). 

E. Non-Commercial sources of energy (4) 

19. The following replacement ratios are based 
on experiments carried out by the Central Fuel Re¬ 
search Institute: 

1 tonne of dry dung is replaced by 0.4 tonne 
of coal. 

1 tonne of firewood or waste is replaced by 
0.95 tonne of coal. 

F. Summary 

20. The various replacement and conversion 
ratios calculated above are set out in the summary 
table below. The factors for oil products, dry dung 
and firewood are replac ement ratios expressing the 
amount of coal needed to substitute their final use 
taking account of relative efficiencies involved. 
The factors for coke and gas are purely technical 
conversion factors permitting the expression of final 
consumption of these fuels in terms of the primary 
input of coal actually needed. This would also be 
true for electricity if only thermal generation were 
considered. However, when applied to the total con¬ 
sumption of electricity, the ratios are in fact re¬ 
placement factors permitting its expression in terms 
of the amount of coal that would have been needed if 
no hydro, oil or nuclear generation were available. 


_ 6100 keal/kg coke 

0.81 x 6640 keal/kg coal * kg coal/kg 

coke 

i.e. it takes 1.13 tonnes of coal to provide the energy 
contained in one tonne of coke. 


I 7. For manufactured gas (2) we find the follow¬ 
ing factor: 


4500 keal/m 3 gas _ 

0.81 x 6640 keal/kg coal 


0.83 kg coal^m 3 
gas 


Or in other words, 0.83 million tonnes of coal are 
required to provide the heat content of 1000 million 


(1) See detailed calculation in Appendix II. 

(2) Coke oven gas and gas work gas. 

(3) This tacitly implies that the conversion of 
coke into blast furnace gas takes place at 
100% efficiency. It should also be noted 
that the consumption of blast furnace gas 
and coke oven gas in coke ovens and loss 
es of blast furnace gas and coke oven gas 
has been counted under the heading “Con¬ 
sumption by the energy sector and losses” 
in the statistical tables. 

(4) See also Chapter 8 of the Report 



5. The conversion ratios vary little between been applied to all uses of kerosene. LPG is use' 

1965/6 and 1980/1 and it is therefore felt that the with an efficiency similar to that of kerosene am 

average rate of 0.7 kg coal per kWh consumed would could be assigned the same replacement factor ii 

be an acceptable figure for the whole forecast period view of the small quantity involved. 

concerned. This factor does not take account of in- 8. According to the Report of the Expert Com 

dustrial self-production where the average rate will mittee on Coal Consumption in Railways (3) the 

probably remain somewhat higher. It is, however, not theoretical ratio of coal consumption in steam loco- 

expected that this form of generation will develop on motives to oil consumption in diesel locomotives 

the same scale as utility power production. The works out to 8:1. Actual performance of diesel and 

factor of 0.7 has therefore been retained for all steam locomotives hauling goods show the slightly 

future thermal generation, bearing in mind that indi- higher ratio of 9:1. This replacement factor is used 

vidual new plants coining into operation between 1970 in the Monthly Railway Statistics (4) and in the an- 

and 1976 will in fact only require about 0.6kg nual Reports by the Railway Board (5) to express 

of coal per unit consumed. total fuel consumption in terms of coal. The same 

factor has been chosefn for the Energy Study and its 
C. Oil use has been extended to the consumption of diesel 

oil for other purposes such as road transport where 

6. Depending on the process in question, 1 tonne no substitution is uctually taking place. 

of oil may replace two to four tonnes of coal in in- 9. According to the two last sources referred to 

dustry according to European experience. A factor of in paragraph 8, it takes 7.5 tonnes of coal to do the 

2 would seem on the lower side allowing only for job of 1 tonne of motor spirit in railway traction, 

about the same efficiency as coal (1). This factor has been adopted for road and air trans- 

7. In the domestic sector a replacement factor of port where no actual substitution pattern is available. 

8.3 tonnes of coal/per tonne of kerosene has been 

worked out on the basis of experiments carried out 10. In Table b e l° w tbe total coal replacement of 

by the Central Fuel Research Institute (2). Although oil products consumed in 1960/1 has been calculated 

this substitution ratio strictly applies only to kero- on the basis of the factors mentioned in paragraphs 

sene used for cooking in the domestic sector, it haa 6 to 9: 

COAL REPLACEMENT OF OIL PRODUCTS CONSUMED IN 
1960/1 


Oil Product 

Fuel 

Consumption 
in 1960/61 

Mt 

Replacement 

factor 

MtCR/Mt 

MtCR 

Block products (1) 

1.50 

2.0 

3.0 




Kerosene & LPG 

2.oT’’^ ? 

8.3 

16.7 

HSDO & LDO 

1.75 

9.0 

15.7 

Motor spirit, 
aviation and 
jet fuel 

1.13 

7.5 

8.5 


6.39 


43.9 


(1) Fuel oil, Vapourising oil and Re¬ 
finery fuel. 


(1) The same efficiency if measured with 
coal of 5000 keal/kg; 12% lower ef¬ 
ficiency if measured with by-product 
coal and about 30% higher efficiency 
if measured with high grade coal of 
6500 keal/kg, as against an average of 
10,000 keal/kg for petroleum products; 

(2) Cooking efficiency for kerosene of 
11,000 keal/kg, about 51%; for soft cuke 
of 5770 keal/kg, about 18%. /Is it takes 
about. 1.5 tonnes of coal to produce l 
tonne of soft coke, the resulting re¬ 
placement factor is 8.3 tonnes of coal 


per tonne of kerosene. 

(3) Government of India, Ministry of Rail¬ 
ways, 1958, page 85, paragraph 98. 

(4) Government of India, Ministry of Rail¬ 
ways (Railway Board), Part 111, Table 
9 - Fuel Consumption, Government of 
Railways. 

(5) Volume III, Statistics: See e.g. footnote 
to Table 27 (a): Statement of fuel con¬ 
sumption by classes of fuel on Govern¬ 
ment Railways. 
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SUMMARY TABLE 

REPLACEMENT AND CONVERSION FACTORS (1) 


Amount of cool required to replace or produce 
other sources of energy taking account of 
relative efficiencies in typical cases of re¬ 
placement or conversion (2) 

Million tonnes 
Coal Replacement 
(MtCR) 


10 9 kWh electricity (3) 1953/4 to 1960/1 1 

1965/6 to 1980/1 0.7 

1 million tonnes of oil products 6.5 

il million tonnes of soft coke 1.5 

1 million tonnes of coke other than 
soft coke (4) 1.13 

1000 million m3 manufactured gas (5) 0.83 

1000 million m3 blast furnace gas (6) 0.18 

1 million tonnes of dry dung 0.4 

1 million tonnes of fire-wood or waste 0 95 


(1) These factors only apply to the Indian Energy 
Economy and to the period 1953 ■' 4 to 1980/1. 

(2) The coefficients for electricity, coke, manu¬ 
factured gas and blast furnace gas have been 
checked by comparing coal replacement 
figures of final c onsumption of energy sources 
deriving from coal with actual input of coal 
in 1960 1 (see Appendix Ilf). 

(3) Measured at the stage of final consumption 
this factor takes account of power plants’ 
own use (6% of units generated) as well as 
transmission and distribution losses (12% 
of units sent out). 

(4) This factor is lower than that applied for 
soft coke since it gives credit to gas recovery. 

(5) This conversion factor gives credit to coke 
production; it on I \ represents the primary 
input of coal needed to provide the heal con¬ 
tent of the gas produced. 

(6) This conversion factor only reflects the pri¬ 
mary input of coal needed to cover the heat 
value of the blast furnace gas produced. 


21. I'iiesr replacement ratios constitute, in tact, 
a simplified substitution model and have been chosen 
for theii great convenience when used in forecasting. 
They permit an easy expression of different energy 


quantities finally consumed in terms of primary energy 
input needed in the form of one source of energy, 
namely coal. These factors therefore, strictly speak¬ 
ing. only apply to the final consumption pattern and 
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may only in special cases be used at the supply and 
transformation stages (1). They further only apply to 
the India Energy Economy and to the period under 
review, i.e. 19.33 4 to 1980 1 and should not be used 
for other purposes. 

. Complete tables in original units and in kilo¬ 
calories have been made available to the technically 
interested reader in Annexes 4 and 6. from these 
tables he will be able to extract any detailed infor¬ 
mation needed as to the actual amount of energy in¬ 
volved in everv stage of supply, transformation and 
final consumption of the different sources of energy. 

II. NOTES CONCERNING HIE TABLES 

23 . As a general rule, the tables in coal replace¬ 
ment appearing in the main Report have not been re¬ 


peated here. Certain tables showing the past trends 
of energy consumption in different sectors have, how¬ 
ever, been reproduced in this Annex in order to give 
the complete sequence. It should be noted that, fol¬ 
lowing the pattern of the basic statistics in original 
units, the final consumption of oil products in various 
sub-sectors of industry has not been broken down ex¬ 
cept for I960 7 !. In the Report, however, special esti¬ 
mates have been made for earlier vears in the cusc of 
certain industries such as Iron and Steel and Textiles. 

(1) Any detailed consideration of these stages 
should be made on the basis of tables in 
original units and kilocalories. Appendices 
I, II and III to this Annex are typical ex¬ 
amples of such considerations. 
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APPENDIX I 

NOTE ON COAL REPLACEMENT OF THERMAL POWER 
(Indio 1960/1) 

(Based on the net power sold) 


Input to 


(o) Coking Coal 

(b) Non-coking Cool 

(c) Metallurgical 
Coke 

(d) Fuel Oil 

(e) L D O. 


Thermal Plants (both Utility and Non-Utility) 


Quantity 

Replacement 

Million tonnes 

input 

or Conversion 
foctor 

Coal Replacement 
(MtCR) 

(i) 

(<i) 

(i x ii) 

0 47 Mt 

- 

0.47 

8 62 Mt 

- 

8.62 

0.03 Mt 

1.13 

0 03 

0 276 Mt 

2 (1) 

0. 55 

0.1i2 Mt 

3 <’> 

0.34 


(f) Blast Furnace 
Gas 


2 337 x 10 9 m 3 0 18 


0.42 


(g) Coke Oven and 
Merchont Oven 

Gas 0 167xl0 9 m 3 0 83 0 14 

(A) Total input in Cool Replacement - 10.57 


Output of the Thermal Plants 

in 1 0^ units or 

T Wh: 

a) 

Unit Generated: (i) Util»< 

fy 

9 09 


(ii) Non-I 

Uti lity 

3 29 




12 38 

b) 

Losses Transmission & Distribution 

1 37 

c) 

Auxiliary use; Plant’s own consumption 

0 69 


(B) Units sold - a ■ (b plus c) 10 32 


Coal required unit sold 


A 

B 


10 57 
10 32 


1.024 kg ''kWh 


soy 1 kg/unit sold 

(1) The factor of 6.5 tonnes of cool To replace one tonne 
of petroleum product is a weighted average replacement 
ratio for the final consumption stage; it cannot be 
used for the thermal production of power 


(2) This is a port of total transmission and distribution 
losses taken in proportion with the units generated by 
thermal plants 


327 



APPENDIX II 

GROSS EFFICIENCY OF COKE AND GAS MANUFACTURE 
(Excluding Soft Coke) for the year 1960/1 


Coking Coal Input 


Mi 11 ion tonnes 


Coke Ovens - 6.64 

Merchant Ovens - 0.78 

Beehive Ovens - 0.28 

Gas Works - 0.20 

Total = 7.90 


Total heat value of input coking coal 
(ossuming calorific value of coking 

coal as 6640 kcol/kg). = 7.90 x 6640 


•• 52 46 x 10 12 keel 


Output 


Metallurgical Cake 5.21 Mt 

Non-Metallurgieal Coke 
(Gas Works Cake) 0.31 Mt 

Coke Oven Gas 2 18 x 10 9 m 3 


Calorific 

value/unit 

6100 keal/kg 


6100 keal/kg 

4500 kcol/m 3 
Gas Works Gas 0.06 x 10 9 m 3 4200 kcol/m 3 
Total heat output ~ 


Eff 


iciency 


output 

input 


42.54 

52.46 


Total Heat Value 
10 12 kcal 

31.70 

0.79 
9.80 
0 25 
42.54 

81% 


NOTE: In calculating the above gross efficiency, other 

products such as tor and benzol hove been counted 
as losses. Further, the calculation does not take 
account of the following items which appear under 
the heading “Consumption by the energy sector 
and losses’*: 

- Consumption of blast furnoce gas 
and coke oven gas in coke ovens, and 

losses of blast furnace and coke oven 
gas 
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APPENDIX III 

COMPARISON OF COAL REPLACEMENT OF INTERNAL CONSUMPTION 
OF ENERGY SOURCES DERIVING FROM COAL WITH ACTUAL 
INPUT OF COAL IN 1960/1 

Mi llion tonnes of 
cool replacement 

T ransformation: 

Electricity derived from other sources than coal: 

Hydel: 7.7 TWh, measured at consumption 
side after 12% losses: 

6.77 TWh x 1 MtCR/TWh = 6.77 

0.112 Mf LDO x 3 ( ” MtCR/Mt - 0 33 

0.276 Mt Fuel Oil x 2 MtCR/Mt - 0.55 

Electricity derived from other sources than coal 7.65 

Coal replacement of total finol electricity consumption 16.92 

Less electricity derived from other sources than coal 7.65 

Electricity derived from coal 9.27 

Final Consumption of: 

Coking coal 4.25 

Non-coking coal 26 04 

Coke excluding soft coke 3.93 

Soft coke 2 76 

Q last furnace got 1 75 

Coke oven and gas works gas 1.71 

Total energy supply from coal calculated from the finol consumption 

side and using conversion and replacement factors adopted 49.71 

Total input of coal: 

Coking cool 13.81 

Non-coking coal 36.11 

49.92 

The difference of 0.21 
represents less than 0.4% 


(1) The factor of 6.5 tonnes of coal per tonne of petroleum products is only 

valid for the final consumption stage; it does not apply to thermal production 



TABLE 5-1 

ALL I Mil A 1653/4 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTOR OF CONSUMPTION AND SOURCE OF ENERGY 


(Million Tonnes of Coal Replacement)*** 



Coking 
Coa 1 

Non- 

Coking 

Coa 1 

Coke 

Exc lud- 
ing Soft 
Coke 

Soft 

Coke 

Total 

Oi 1 

Products 

(3) 

Blast 

Fu rnace 
Gas 

Coke 

Oven £ 

Gas Work 
Gas 

Elec¬ 

tri¬ 

city. 

T ota 1 

Commercial 
Sources of 
Energy 

Total Transportation of which 5.0 

7.1 

- 


7. 

6 



0.6 

20.3 

Road and Tramways 





6. 

5 



0.1 

6.6 

Ra i 1 roads 

5.0 

6.9 



0 . 

1 



0.5 

12.5 

Wate rways 


0.2 



0 . 

4 




0.6 

Ai r 





0 . 

6 




0.8 

Total Industry of which 

2.2 

6.7(1) 

1.7 


5. 

4(1) 

0.4(1) 

0.6 

5.0 

22.0 

1 ron & Steel 

0.8 


1 .5(2) 




0.4(1) 

0.6 

0.6 


Fertilizer 



0.2 






0.3 


Heavy Chemical 









0.1 


Structural Clay Products 


0.1(5) 









Cement 


1.1 







0.4 


Mining £ Quarrying 









0.1 


Non-Ferrous (7) 


0.1 







0.1 


Text i les 









1.8 


Others 

1.4 

5.4(6) 







1 .6 


Total Other Sectors 


0.8 


2.2 

9.0 



1.7 

13.7 

Agricu11 u re 


0.2 



1 . 

3 



0.2 

1.7 

Oomestic 




2.2 

7. 

7 



0.7 

10.6 

Comma rcia 1 


0.1 







0.4 

0.5 

Government 


0.5 







0.3 

0.8 

Other 









0 . 1 

0.1 

Consumption by the Energy 











Sector and Losses (41 

0.7 

1.0 





0.2 

0.1 

0.3 

2.3 

TOTAL INTERNAL FINAL 

7.9 

15.0 

1.7 

2.2 

22. 

0 

0.6 

0.7 

7.6 

58.3 


CONSUMPTION 


TABLE 5-1A 

OIL PRODUCTS - ALL INDIA - 1 953/4 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION OF OIL PRODUCTS BROKEN DOWN BY SECTOR OF CONSUMPTION 

(Million tonnes of coal replacement) 1/ 

Total Oil Products 2/ Motor Spirit Aviation & Jet 

TOTAL TRANSPORTATION 

Of which: Ro and tramways 
Rai. . 'ads 
Waterways 
Ai r 

TOTAL INDUSTRY 

Of which: Iron & SteeI 
Fe rtiIize r 
Heavy Chemical 
Structural Clay Products 
Cement 

Mining £ Quarrying 
Non-ferrous 
Text i les 
Othe rs 

TOTAL OTHER SECTORS 

Of which: Agriculture 
Oomestic 
Commercial 
Gove rnment 
Other 

TOTAL INTERNAL FINAL CONSUMPTION 

1/ The factor used for oil products is 6.5 MtCR for 1 Mt oil products. The factor used is the 
replacement ratio expressing the amount of coal needed to substitute the final use, taking 
account of relative efficiencies involved in typical cases of substitution. 

2/ Including a very small quantity of power alcohol derived from molasses. 

Note: Quantities less than 0.05 MtCR are not shown. 

-^Value not yet broken dawn end included in these figures. 
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Dung Firs- Waste 
(Dry) wood Pro¬ 
ducts 


Total Non¬ 
commercial 
Energy 


(1) Excluding quantities used in non-utility electricity generation. 

(2) Excluding quantities considered as transformed into blast furnace gas. 

(3) Including a very small quantity of power alcohol derived from molasses. 

(4) Mainly mines own consumption including miners' coal. Excludes losses 

j ota l in electricity sector and refineries which are accounted in coal replace- 

lr)terna l ment factor applied to final consumption. 

Final Con- (5) Does not include brick burning, 
sumotion (6) Including brick burning and textiles. 

--- (7) Including copper and limestone burning only. 


20.3 

6.6 

12.5 

0.6 

0.6 

22.0 



Quantities less than 0.05 MtCR are not shown. 

Value not yet broken down and included in these figures. 


(***) 


The factors used tor oil products, dung and firewood are replacement ratios 
expressing the amount of coal needed to substitute their final use taking 
account of relative efficiencies involved in typical cases ot substitution. 
The factors for coke and gas are purely technical conversion factors per¬ 
mitting the expression of final consumption of these fuels in terms of the 
primary input of coal actually needed. The replacement factor used for 
final electricity consumption permits its expression in terms ot the amount 
of coal that would have been needed if no hydel or oil generation were 


18.6 

82.2 

25.1 

125.9 

139.6 

avai1ab 1 e . 





_ 


_ 

_ 

1.7 

Million Tonnes of 

Coa 1 

Replacement 

ot other Sources: 


18.6 

32 . 2 

25.1 

125.9 

136.5 

0.5 

^ g9 kWh e1 act ric i ty (Twh ) 


1 Mt 

hard coke 

3 

1 .13 




_ 

0.8 

1953/54 - 1960, 61 

1 

1000 

mi II ion m manufactured 



_ 

_ 

_ 

0.1 

1 965/86 - 1 980/81 

0.7 


gas. 

0.83 





2.3 

1 Mt oil product 

6.5 

1000 

mi ! 1ion m v blast 



- 



1 Mt soft coke 

1.5 


furnace gas 

0. 18 

IB.6 

H2.2 

25.1 

125.9 

184.2 



1 Mt 

diy dung 

0.4 



1 Mt 

f i rewood & waste 










products 

0.95 


Fuel HSOO LOO Kerosene LPG Fuel Oil Vapourising Oil 
1.4 - - 0.4 

0 . 1 - 

- 0.4 

0.5 1.3 Q.l - 3.5 



0 2 0.9 - - - 0.2 

-7.7 


2 I 2.2 7.8 


3.9 0.2 
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TABLE 5-2 
ALL INDIA 1954/5 


TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN 

(Mi 11 ion Tonnes of 

Coking Non- Coke 

Coal Coking Exclud- 

Cos 1 ing Sof t 

Coke 

DOWN BY SECTOR OF CONSUMPTION AND SOURCE 
Coa 1 Rep 1acement )•*• 

Soft Total Blast Coke 

Coke 011 Furnace Oven & 

Products Gas Gas Work 

(3) Gas 

OF ENERGY 

Elec¬ 

tric¬ 

ity 

Total 

Comma re ial 
Sources of 
Energy 

Total Transportation of which 

4.9 

6.8 



8.0 



0.8 

20.3 

Road and Tramways 





6 . 

9 



0.1 

7.0 

Ra i 1 roads 

4.9 

6.5 



0 . 

1 



0.5 

12.0 

Waterways 


0.3 



0 . 

4 




0.7 

Ai r 





0 . 

6 




0.8 

Total Industry of which 

1.8 

8.9(1) 

1.8 


5. 

7(1) 

0.5(1) 

0.6 

5.6 

22.9 

Iron & Steel 

0.6 


1.5(2) 


1 


0.5(1) 

0.6 

0.7 


Ferti 1 izer 



0.3 


' 




0.-3 


Heavy Chemical 









0 . 1 


Structural Clay Products 


0.1(5) 









Cement 


1.2 







0.5 


Mining & Quarrying 









0.1 


Non-Ferrous (7) 









0.2 


Teiti les 









1.9 


Other 

1.2 

5.6(6) 







1.8 


Total Other Sectors 


0.8 


2.4 

9. 

7 



1.9 

14.B 

Agr icu 1 ture 


0.2 



1. 

4 



0.2 

1.8 

Dottiest ic 




2.4 

8.3 



0.8 

11.5 

Commercial 


0.1 







0.4 

0.5 

Government 


0.5 







0.4 

0.9 

Other 









0.1 

0.1 

Consumption by the Energy 











Sector and Losses (4). 

0.7 

1.1 





0.1 

0.1 

0.3 

2.3 

TOTAL INTERNAL FINAL CONSUMPTION 

7.4 

15.8 

1.BjP 

2.4 

23. 

4 

0.6 

0.7 

8.4 

60.3 


TABLE 5-2A 

OIL PRODUCTS - ALL INDIA - 1054/5 


TOTAL INTERNAL FINAL ENERGY CONSUMPTION OF OIL PRODUCTS 
BROKEN DOWN BY SECTOR OF CONSUMPTION 
(Million tonnes of coal replacement)!/ 



Total oil 

Products 2 ' 

Motor Spirit 

TOTAL TRANSPORTATION 

8. 

0 

5.3 

Of which: Road and Tramways 

6. 

9 

5.3 

Rai1 roads 

0 . 

t 

- 

Waterways 

0 . 

4 

- 

A i r 

0 . 

6 

— 

TOTAL INDUSTRY 

5. 

7 


Of wh ich: 1ron S Steel 

Fertilizer 

Heavy Chemica1 

Structural Clay Products 
Cement 

Mining A Qua r rying 

Non-fer rous 

Text i les 

Othe rs 

TOTAL OTHER SECTORS 

9.' 

7 


Of which: Agriculture 

I . 
8. 

4 

- 

Domestic 

3 

— 

Comme rcia 1 

Gove rnment 

Othe r 

TOTAL INTERNAL FINAL CONSUMPTION 

23. 

4 

5.3 


1/ The factor used for oil products is 6.5 MtCR for 1 Mt oil products. The 
factor used is the replacement ratio expressing the amount of coal needed 
to substitute tile final use taking account of relative efficiencies 
involved in typical cases of substitution. 

2/ Including a vary small quantity of power alcohol derived from molasses. 

Note: ftjantitiss less than D.05 MtCR are not shown. 

-► Value not yet broken down and included in these figures. 


Dung Fire- latte 
(Dry) wood Pro- 
duett 


Total 

Non-Commer- 
c ia I 
Ena rgy 


Total 
Internal 
Final Con- 
suraption 


20.3 

7.0 

12.0 

0.7 

0.6 

22.9 


(1) Excluding quantities used in non-utility electricity generation. 

<2) Excluding quantities considered at transformed into blast furnace gas. 

(3) Including a very snail quantity of power alcohol derived from molasses. 

(4) Mainly nines own consumption including miners' coal. Excludes losses 

in electricity sector and refineries which are accounted in coal replace 
mant factor applied to final consumption. 

(5) Ooes not include brick burning. 

(6) Includes brick burning and textiles. 

(7) Includes copper and limestone burning only. 

Note: Quantities less than 0.05 MtCR are not shown.- 
-Value not yet broken down and included in these figures. 




The factors used for oil products, dung and firewood are replacement 
ratios expressing the amount of coal needed to substitute their final 
use taking account of relative efficiencies involved in typical cases 
of substitution. The factors for coke end gas are purely technical 
conversion factors permitting the expression of final consumption of 
these fuels in terms of the primary input of coal actually needed. The 
replacement factor used for final electricity consumption permits its 
expression in terms of the amount of coal that would have been needed 
if no hydel or oil generation were available. 


Million Tonnes of Coal Replacement of other Sources: 


19.1 

83.3 

25.6 

126.0 

142.8 

10 9 kWh electricity (TRh) 


1 Mt hard coke 

1.13 

19.1 

83.3 

25.6 

128.0 

1 . 8 
139.5 

0.5 

1 953-54 - 1 980-81 

1 965-66 - 1 980-81 

1 

0.7 

6.5 

1.5 

1000 million m 3 
manufactured gas 

0.83 

- 

- 

- 

- 

0.9 

I Mt oil product 

1000 million m 3 


— 

— 

— 

— 

0.1 

1 Mt soft coke 


blast furnace gas 

0.18 








1 Mt dry dung 

0.4 





A * J 



1 Mt firewood and waste 


19.1 

83.3 

25.6 

128.0 

188.3 



products. 

0.95 


Aviation & Jet Fuel HSDO LOO Kerosene LPQ Fuel Oil Vapourising Oil 


0.6 1.7 

1.6 

0.1 

0.6 - 

0.5 1.3 0.1 



0.2 0.9 

8.3 


0.4 

0.4 — 

3.8 

0.3 

0.3 


0.6 


2.4 2.2 8.4 


4.2 0.3 
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TABLE 5-3 
ALL INDIA 1 955/6 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTOR OF CONSUMPTION AND SOURCE OF ENERGY 


(Mill ion Tonnes of Coal Replacement)*** 



Coking 

Coal 

Non- 
Cok ing 

Coa 1 

Coke 

Exc1ud- 
Ing Soft 
Coke 

Soft 

Coke 

Total 

Oil 

Products 

(3) 

Blast 

Furnace 

Gas 

Coke 

Oven & 

Gas Work 
Gas 

Elec¬ 

tri¬ 

city 

Total 

Commercial 
Sources of 
Ene rgy 

otal Transportation of which 

5.2 

7.1 



8 

.8 



0.7 

21.8 

Road and Tramways 





7.5 



0.1 

7. B ' 

Rai 1 roads 

5.2 

6 . 6 



0 

.1 



0.6 

12.7 

Waterways 


0. 3 



0.4 




0.7 

Ai r 





0.8 




0.8 

otal Industry of which 

1.1 

6.8(1) 

2.0 


6.2(1) 

0.4(1) 

0.5 

8.3 

23.3 

Iron & Steel 

0.5 


1.8(2) 




0.4(1) 

0.5 

O.B 


Farti 1 izer 



0.2 






0.3 


Heavy Chemical 









0.1 


Structural Clay Products 


0.1(5) 









Cement 


1.3 







0.5 


Mining & Quarrying 









0.1 


Non-Ferrous (7) 


0 . 1 







0.2 


Text i les 









2.2 


Other 

0.6 

5.3(6) 







2.1 


otal Other Sectors 


1.0 


2.5 

1 0.7 



2.1 

16.3 

Agriculture 


0.3 



1 .5 



0.3 

2.1 

Domestic 




2.5 

9.2 



0.8 

12.5 

Comma rc ia 1 


0.1 







0.5 

0.8 

Government 


0.6 







0.4 

1.0 

Other 









0.1 

0.1 

onsumption by the Energy 











ector anti Losses (4) 

0.7 

1 .1 





0.2 

0.2 

0.3 

2.5 

9TAL INTERNAL FINAL CONSUMPTION 

7.0 

16.0 

2.0 


25 

.7 

0.6 

0.7 

9.4 

63.8 


TABLE 5-3A 

OIL PRODUCTS - ALL INDIA - 1955/6 


TOTAL INTERNAL FINAL ENERGY CONSUMPTION OF OIL PRODUCTS 
BROKEN DOWN BY SECTOR OF CONSUMPTION 


(Million tonnes of 

coa 1 replacement ) 1/ 

Total Oi1 Products 2/ 

Motor Spirit 

TOTAL TRANSPORTATION 

8 

.8 

5.5 

Of which: Road and Tramways 

7 

.5 

5.5 

Rai1 roads 

0.1 

— 

Waterways 

0.4 

— 

A i r 

0 

.6 


TOTAL INDUSTRY 

6 

.2 

- 

Of which: Iron & Steel 

Fertilizer 

Heavy Chemical 

Structural Clay Products 

Cement 

Mining & Quarrying 

Non-Fe r rous 

Textiles 

Others 

TOTAL OTHER SECTORS 

1 

10 

.7 


Of which: Agriculture 

1 

.5 

- 

Domestic 

9 

.2 

—■ 

Comma rcia 1 

Government 

Other 

TOTAL INTERNAL FINAL CONSUMPTION 

25 

.7 

5.5 


1/ The factor used for oil products is 6.5 MtCR for 1 Mt oil products. The 
factor used is the replacement ratio expressing the amount of coal needed 
to substitute the final use. taking account of relative efficiencies involved 
in typical cases of substitution. 

2/ Including a very small quantity of power alcohol derived from molasses. 

Note: Quantities less than 0.05 MtCR are not shown. 

_*»Value not yet broken down and included in these figures. 


Dung Fire- 
(Dry) wood 


Waste Total 
Pro- Non-Commer- 
ducts cial 

Energy 


Total 
Internal 
Final Con- 
sumpt i on 


21.8 

7.8 
12.7 
0.7 
0 . 8 

23.3 


(1) Excluding quantities used in non-utility electricity generation. 

(2) Excluding quantities considered as transformed into blast furnace gas. 

(3) Including a very small quantity of power alcohol derived from molasses. 

(4) Mainly mines own consumption including miners' coal. Excludes losses 

in electricity sector and refineries which are accounted in coal replace 
ment factor applied to final consumption. 

(5) Does not include brick burning. 

(6) Includes brick burning and textiles. 

(7) includes copper and limestone burning only. 

Note: Quantities less than Q.05 MtCR not shown. 

-■•Value not yet broken down and included in these figures. 


(»**) 

The factors used for oil products, dung and firewood are replacement ratios 
expressing the amount of coal needed to substitute their final use taking 
account of relative efficiencies involved in typical cases of substitution. 
The factors for coke and gas are purely technical conversion factors permit¬ 
ting the expression of final consumption of these fuels in terms of the 
primary input of coal actually needed. The replacement factor used for 
final electricity consumption permits its expression in terms of the amount 
of coal that would have been needed if no hydel or oil generation were 
ava i (able. 


Million Tonnes of Coal Replacement of other Sources: 


19.6 

84.4 

26.3 

130.3 

146.6 

10 9 kWh electricity (TWh) 


1 Mt hard coke 

1.13 





? 1 

1953/54 - 1980/61 

1 

1000 million m J 


19.6 

84.4 

26.3 

130.3 

142! 8 

1 965/86 - 1 980- 81 

0.7 

manufactured gas 

0.83 

- 

- 

- 

- 

0.6 

1 Mt oil product 

6.5 

1000 million m 3 blast 





— 

1.0 

0.1 

1 Mt soft coke 

1 . 5 

furnace gas 

0.18 








1 Mt dry dung 

0.4 





2.5 



1 Mt firewood & waste 









products 

0.95 

19.8 

84.4 

26.3 

130.3 

194.2 






Aviation & Jet Fuel HSDO LOO Kerosene IPG Fuel Oil Vapourising Oil 


0.8 2.1 

2.0 

0.1 

0.8 - 

0.6 1.4 0.1 


0.4 

0.4 

4.1 


0.2 1.0 9.2 - - 0.3 

0.2 1.0 - 0.3 

9.2 


0.8 


2.9 2.4 9,3 


4.5 0.3 
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TABLE 5-4 

ALL INDIA - 1858/7 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN CONN BY SECTOR OF CONSUMPTION AND SOURCE OF ENERGY 
(Million Tonnes of Coal Replacement )»* 



Cok i ng 
Coa 1 

Non- 

Coking 

Coke 
Exclud¬ 
ing Soft 
Coke 

Soft 

Coke 

Total 

Oi 1 

Products 

(3) 

Blast 

Furnace 

Gas 

Coke 

Oven & 

Gas Work 
Gas 

Elec¬ 

tri¬ 

city 

Total 

Comma rcia1 
Sources of 
Energy 

Total Transportation of which 

5.7 

8.0 



9 

.8 



0.7 

24.2 

Road and Tramways 





8.2 



0.1 

8.3 

Rai 1 roads 

5.7 

7.7 



0 

.3 



0.6 

14.3 

Waterways 


0.3 



0.4 




0.7 

A i r 





0 . 

.8 




0.9 

Total Industry of which 

1.4 

6.7(1) 

1.8 


8.6(1) 

0.4(1) 

0.5 

8.9 

24.4 

Iron i Steel 

0.6 


1.7(2) 




0.4(1) 

0.5 

O.B 


Fert i 1 i z e r 



0.2 



1 



0.3 


Heavy Chemical 


0.3 







0.2 


Structural Clay Products 


1 .6(5) 









Cement 


1 .4 







0.6 


Mining & Quarrying 









0.1 


Non-Ferrous (Copper only) 









0.2 


Texti1 as 


1 .8 







2.4 


Others 

0.8 

1 .6 







2.3 


Total Other Sectors 


1 .0 


2.8 

1 1 .6 



2.2 

17.7 

Agriculture 


0.3 



1 .7 



0.3 

2.3 

Domest ic 




2.a 

8.9 



0.9 

13.7 

Commercial 


0.1 







0.5 

O.B 

flove rnmant 


0.6 







0.4 

1 .0 

Other 









0.1 

0.1 

ConsumDtion by the Energy Sector 











and Losses(4) 

0. 7 

1 .2 





0.2 

0.1 

0.4 

2.6 

TOTAL INTERNAL FINAL CONSUMPTION 

7.8 

18.8 

1.9 

2.9 

28. 

C 

0.6 

0.6 

10.2 

68.9 


TABLE 5-4A 


OIL PRODUCTS - ALL ItOIA - 1956/7 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION OF OIL 

BROKEN DOWN BY SECTOR OF CONSUMPTION 
(Million tonnes of coal replacement) 1/ 
Total Oi1 Products 2/ 

PRODUCTS 

Motor Spirit 

TOTAL TRANSPORTATION 


9 

.8 

5.6 

Of which: Road and Tramways 


6 

.2 

5 . 6 

Rai1 roads 


0 

.3 

- 

Waterways 


0 

.4 

- 

A i r 


0 

.9 

— 

TOTAL INDUSTRY 


6 

.8 

- 

Of which: Iron t Steel 

Fertilizer 

Heavy Chemical 

Structural Clay Products 

Cament 

Mining & Quarrying 

Non-Fe r rous 

Text i les 

Others 

TOTAL OTHER SECTORS 


11 

.6 


Of which: Agriculture 


1 

.7 

— 

Domestic 


9.9 

— 

Commercial 

Government 

Othe r 

TOTAL INTERNAL FINAL CONSUMPTION 


28 

.0 

5.6 


1/ The factor used for oil products is 6.5 MtCR for 1 Mt oil products. The 
factor used is the replacement ratio expressing the amount of coal needed 
to substitute the final use, taking account of relative efficiencies 
involved in typical cases of substitution. 

2/ Including a vary small quantity of power elcohol derived from molasses. 

Note: Quantities less than 0.05 MtCR are not shown. 

m Value not yet broken down and included in these figures. 


iung Fire- taste Total Total 

Dry) wood Pro- Non-Commer- Internal 

ducts cial Final Con- 

Energy sumption 


24.2 

8.3 

14.3 
0.7 
0.9 


(1) Excluding quantitiet used in non-utility electricity generation. 

(2) Excluding quantities considered as transformed into blast furnace ga>. 

( 3 ) Including a very small quantity of power alcohol derived from molestet. 

(4) Mainly mines own consumption including miners' coal. Excludes lotsas 

in electricity sector and refineries which are accounted in coal replace¬ 
ment factor applied to final consumption. 

(5) Includes 1.49 million tonnes for brick burning. 

Note: Quantities less than 0.05 MtCR not shown. 

-^Value not yet broken doen and Included in these figuraa. 


(***) 


The factors used for oil products, dung and firewood are replacement ratios 
expressing the amount of coal needed to substitute their final use taking 
account of relative efficiencies involved in typical cases of substitution. 
The factors for coke and gas are purely technical conversion factors permit¬ 
ting the expression of final consumption of these fuels in terms of the 
primary input of coal actually needed. The replacement factor used for 
final electricity consumption permits expression in terms of the amount 
of coal that would have been needed if no hydel or oil generation were avail¬ 
able. 


Million Tonnes of Coal Replacement of other Sources: 


0.1 

85.6 

27.0 

132.7 

150.4 

10 9 kWh electricity (TWh) 


1 Mt hard coke 

1.13 

- 

— 

-. 

_ 

2.3 

1953/54 - 1960/BI 

1 

0.7 

6.5 

1.5 

1000 mi 11 ion m 3 
manufactured gas. 

Q 


0.1 

85.6 

27.0 

132.7 

148.4 

0.6 

19B5/66 - 1980/81 

1 Mt oil product 

0.83 

- 

- 


— 

1.0 

1 Mt soft coke 

1 000 mi 11 ion m 


- 

- 

- 

— 

0.1 


Blast furnace gas 

0.18 








1 Mt dry dung 

0.4 

- 

- 

- 

- 

2.6 



1 Mt firewood and 
waste products. 

0.95 

0.1 

85.6 

27.0 

132.7 

201.6 






\viation & let PueI HSDO LDO Kerosene LPG Fuel Oil Vapourising 0i I 


0.9 

0.9 


2.8 - - - 0.5 

2.8 - 

0.2 - 0.1 

- 0.4 


0.7 1.4 0.1 - 4.4 


0.4 1.0 9.9 - - 0.3 

0.4 1.0 - - 0.3 

9.9 - 


0.9 


3.9 2.4 10.0 


4.9 0.3 
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TABLE 5-5 


ALL INDIA 1 957/8 


TOTAL INTERNAL FINAL ENERGY CONSUNPTION BROKEN DOWN BY SECTOR OF CONSUMPTION AM) SOURCE OF ENERGY 

(M ill ion tonnes of Coal Replacement)*** 


Coking Non- Coke Soft 

Coal Coking Exclud- Coke 

Coal ing Soft 

Coke 


Total 

01 I 

Products 

(3) 


Blast 

Furnace 

Gas 


Coke 
Oven £ 
Gas Work 
Gas 


Elec- Total 
t r i - Commercia 
city Sources o: 
Energy 


Total Transportation of which 

Road and Tramways 
Ra i I roads 
Waterways 
Ai r 

Total Industry of which 

Iron £ Steel 
Fertilizer 
Heavy Chemical 
Structural Clay Products 
Cement 

Mining £ Quarrying 
Non-Ferrous (Copper only) 

Text I les 
Others 

Total Other Sectors 

Agr icu 11 ure 
Domestic 
Commercial 
Government 
Other 

Consumption by the Energy 
Sector and Losses (4). 

TOTAL INTERNAL FINAL CONSUMPTION 


5.7 

9.0 



10. 

8 



0.8 

28.3 





8. 

.9 



0.1 

9.0 

5.7 

8.7 



0. 

3 



0.7 

15.4 


0.3 



0. 

,5 




0.8 





1 . 

.1 




1.1 

1 .7 

9.2(1 ) 

1.9 


7.2(1 ) 

0.4(1) 

0.8 

7.7 

28.7 

0.7 


1.7(2) 


j 


0.4(1 ) 

O.B 

0.9 




0.2 


1 




0.3 



0.4 







0.2 



1.5 










1.7(5) 







0.6 

0 1 










0.3 



1 .8 



i 




2.4 


1 .0 

3.8 



I 




2.9 



0.8 


2.8 

12 

.3 



2.9 

18.6 


0.3 



1 

.9 



0.6 

2.8 




2.8 

10 

.4 



1.1 

14.3 


0 . 1 







0.6 

0.7 


(L 4 







0.5 

0.9 









0.1 

0 . 1 

0.8 

1 .3 





0.2 

0.2 

0.4 

2.9 

8 .2 

20.3 X" 

1 .9 

2.8 

30 

.3 

0.6 

0.8 

11 .8 

76.7 


TABLE 5-5A 

OIL PRODUCTS - ALL INDIA - 1957/8 
TOTAL INTERNAL FINAL ENERGY CONSUMPTION OF OIL PROOUCTS 
BROKEN DOWN BY SECTOR OF CONSUMPTION 
(Million Tonnes of coal replacement) 1 

Total Oil Products 2/ Motor Spirit 


TOTAL TRANSPORTATION 

10. 

8 

5.5 

Of which: Road £ Tramways 

8. 

9 

5.5 

Ra i 1 roads 

0 . 

3 


Waterways 

0. 

* 


A i r 

1 . 

1 


TOTAL INOUSTRY 

7. 

2 


Of wh ich : 1 r on £ Steel 


| 


Fertilizer 

Heavy Chemical 

Structural Clay Products 

Cement 

Mining £ Quarrying 

Non-Ferrous 

Text i les 

01 he r s 

TOTAL OTHER SECTORS 

12 

, 3 


Of which: Agriculture 

1 

10 

.9 


Domest ic 

. 4 


Corrane r c i a 1 

Government 

Other 

TOTAL INTERNAL FINAL CONSUMPTION 

30 

.3 

5.5 


1 The factor used for oil products is 6.5MICR tor I M< oil products. The 
factor used is the replacement ratio expressing the amount of coal needed 
to substitute the final use, taking account of relative efficiencies 
involved in typical cases of substitution. 

2/ Including a very small quantity of power alcohol derived from molasses. 

Note: Quantities less than 0.05 MtCR are not shown. 

_Value not yet broken down and included in these figures. 


Dung 

(Dry) 


Fire¬ 

wood 


Waste Total 
Pro- Non-Commer- 
duct s c la I 

Ene rgy 


Total 
Internal 
Final Con- 
sumption 


(1) Excluding quant i t i es used in non-utility electricity generation. 

(2) Excluding quantities considered as transformed into blast furnace gas, 

(3) Including a very small quantity of power alcohol derived from molasses. 

(4) Mainly mines own consumption including miners' coal, Excluding losses in 
electricity sector and refineries which are accounted in coal replacement 
factor applied to final consumption. 

(5) Includes t.44 million tonnes for brick burning. 


2 g g Note Quantities less than 0.05 MtCR not shown. 

-Value not yet broken down and included in these figures. 

9.0 

15.4 

0.8 / ***■) 

1.1 v ’ 


28.7 


20.6 

86.9 

27 7 

135.2 

154.0 

20.6 

86.9 

27.7 

135.2 

2.8 

149.5 

0.7 

0.9 

0.1 

- 

- 

.. 

- 

2.9 

20.6 

86.9 

27 7 

135.2 

211.9 


The factors used for oil products, dung and firewood are replacement 
ratios expressing the amount ot coal needed to substitute their final 
use taking account of relative efficiencies involved in typical cases 
of substitution. The factors for coke and gas are purely technical 
conversion factors permitting the expression of final consumption of 
those fuels in terms of the primary input of coal actually needed. The 
replacement factor used for final e lectr icity consumption perm i ts 
expression in terms of the amount of coal that would have been needed 
if no hydel or oil generation were available. 


million tonnes or uoa 

10® kWh electr icity (TWh) 

1953/54 - 1960/61 I o 

1965/68 - 1980/81 0.7 

1 Mt oil product 6.5 

1 Mt soft coke t .5 


nepiacemein ut oiner sources: 

1 Mt hard coke 1,13 

1000 million m® 
manufactured gas 0.83 

1 000 million m® blast 

furnace gas 0.18 

1 Mt dry dung 0.4 

1 Mt firewood and 

waste products 

0.95 


Aviation & Jet Fuel 

HSOO 

LOO 

He r osene 

LPG 

Fue 1 Oil 

1 . 1 

3.6 

0. 1 

- 

- 

0.5 

- 

3.4 




- 


0.2 




0. 1 

) . 1 


0.1 



0.4 


0.8 

1 .5 

0.1 


4.8 


Vapour ising Oil 


0.6 1.0 10.4 - - 0.3 

0.6 1.0 0.3 
10.4 


I . I 


5.0 2.6 10.5 


5.3 0.3 
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TABLE 5-6 


ALL INDIA 1658/9 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTOR OF CONSUMPTI ON AND SOURCE OF ENERGY 


(Million Tonnes of Coal Replacement)*** 



Coking 
Coa 1 

Non- 
Cok i'ng 

Coa 1 

Coke 

ExcIuri - 
ing Soft 
Coke 

Soft 

Coke 

Tota 1 

Oi 1 

Products 

(3) 

Blast 

Furnace 

6as 

Coke 

Oven & 
Gas Work 
Gas 

Elec¬ 

tri¬ 

city 

Total 

Comma rcia1 
Sources ol 
Energy 

Total Transpoetation of which 

4.6 

1 0.2 



11 . 

.7 



0.8 

27.3 

Road and Tramways 

- 

- 



9. 

5 



- 

9.5 

Ra i 1 roads 

4.6 

9.8 



0. 

4 



0.8 

15.6 

Raterways 


0.4 



0 . 

5 




0.9 

Air 





1 . 

3 




1.3 

Total Industry of which 

1.8 

9.1(1) 

2.7 


8. 

1(1) 

0.5(1) 

0.7 

8.8 

31.7 

Iron t Stee1 

0.9 


2.5(2) 




0.5(1 ) 

0.7 

1.0 


Fart i 1 izer 


— 

0.2 






0.4 


Heavy Chemical 


0.4 







0.2 


Structural Clay Products 


2.0(5) 







— 


Cement 


1 .7 







0.8 


Mining and Quarrying 


- 







0. 1 


Non-Ferrous (Copper only) 


- 







0.3 


Text I lee 


1.8 







2.6 


Others 

0.9 

3.2 







3.4 


Total Other Sectors 


1 .0 


3.1 

12. 

7 



3.2 

20.0 

Agr Iculture 


0.4 



2. 

0 



0.6 

3.0 

Domes t ic 


— 


3.1 

10. 

7 



1.2 

15.0 

Comme rcia 1 


0.1 







0.7 

0.8 

Government 


0.5 







0.5 

1.0 

Other 









0.2 

0.2 

Consumption by the Energy 











footer and Losses. (4) 

0.7 

1 .3 





0.2 

0.2 

0.4 

2.8 

TOTAL INTERNAL FINAL CONSUMPTION 

7.1 

21.6 

2.7 

3.1 

32. 

5 

0.7 

0.9 

13.2 

81.8 


TABLE 5-6A 

OIL PRODUCTS - ALL INDIA - 1958/9 
TOTAL INTERNAL FINAL ENERGY CONSUMPTION OF OIL PRODUCTS 
BROKEN DOWN BY SECTOR OF CONSUMPTION 
(Million Tonnes of Coal replacement) 1/ 

Total Oil Products 2/ Motor Spirit 


TOTAL TRANSPORTATION 

11.7 

Of which: Road and Tramways 

9.5 

Ra i 1 r oads 

0.4 

Waterways 

0.5 

Ai r 

1.3 

TOTAL INDUSTRY 

8.1 


Of which: Iron & Steel 

Fertilizer ' 1 

Heavy Chemical 
Structure! Clay Products 
Cement 

Mining & Querrying 

Non-Ferrous 

Te«tiles 

Others 

T01Al OTHER SECTORS 12.7 

Of which: Agriculture 2.0 

Domestic 10.7 

Comma rcisI 
Government 
Other 

TOTAL INTERNAL FINAL CONSUMPTION 32.5 


5.2 

5.2 


0.1 


5.3 


1/ The factor used for oil products it 6.5 MtCR for I Mt oil products. The 
factor used is the replacement ratio expressing the amount of coal needed 
to substitute the final use. taking account of relative efficiencies 
involved in typical cases of substitution. 

2/ Including a very small quantity of power alcohol derived from molasses. 

Note: Quantities less than 0.05 MtCR are not shown. 

—-^Value not yet broken down and included in these figures. 


Dung Fire- Waite 
(Ory) wood Pro¬ 
ducts 


Total Total 

Non-Conner- Internal 
cial Final Con- 

Energy_sumption 


27.3 

9.5 

15.6 
0.9 
1 .3 

31.7 


(1) Excluding quantities used in non-utility electricity generation. 

(2) Excluding quantities considered as transformed into blast furnace fee. 

( 3 ) Including a vary small quantity of power alcohol derived fro* waitlist. 

(4) Mainly nines own consumption including miners' coal. Excludes lotaea In 
electricity sector and refineries which are accounted in coal raplaceaent 
factor applied to final consumption. 

(5) Includes 1.87 million tonnes for brick burning 

Nota: Quantities lass than 0.05 MtCR are not shown. 

m Value not yet broken down and included in those figures. 


(...) 

The factors used for oil products, dung and firewood are replacement 
ratios expressing the amount of coal needed to substitute their final 
use taking account of relative efficiencies involved in typical cases 
of substitution. The factors for coke and gas are purely technical 
conversion factors permitting the expression of final consumption of 
these fuels in terms of the primary input of coal actually needed. The 
replacement factor used for final electricity consumption permits its 
expression in terms of the amount of coal that would have been needed 
if no hydel or oil generation were available. 


21.1 

88.3 

28.4 

137.8 

157.8 

- 

— 

- 

- 

3.0 

21.1 

88.3 

28.4 

137.8 

152.8 

- 

- 

- 

- 

0.8 
t n 

- 

- 

- 

- 

1 . u 
0.2 

- 

- 

- 

- 

2.8 

21.1 

88.3 

28.4 

137.8 

219.6 


Million Tonnes of Coa I 

10® kWh electricity (TWh) 

1953/54 - 1960/61 
1965/66 - 1980/81 

1 Mt oil product 
1 Mt soft coke 


Replacement of other Sources: 



1 Mt hard coke 

1.13 

1 

1000 million ra 3 


0.7 

manufactured gas 

0.83 

8.5 

1 

•> 

1000 million m 


1 . D 

blast furnace gas. 

0.18 


1 Mt dry dung 

1 Mt firewood and 

0.4 


waste products. 

0.95 


Aviation & Jet Fuel HSOO IDO Kerosene LPG Fuel Oil Vapourising Oil 


1.3 


1.3 


4.7 0.1 

4.3 

0.3 

0.1 0.1 


0.9 1.5 


0.8 

0.8 


1 .0 
1 .0 


0. I 


10.7 

10.7 


0.4 

0.1 

0.3 

5.5 


0.4 

0.4 


1.3 


8.2 2.8 


10.8 


5.9 


0.4 
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TABLE 5-7 
ALL INDIA 1959 '60 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTOR OF CONSUMPTION AND SOURCE OF ENERGY 

(Million Tonnes of Coal Replacement)*** 



Cok i ng 
Coal 

Non • 

Cok i ng 

Coa l 

Coke 

Exc lud- 
ing soft 
Coke 

Soft 

Coke 

Total 

Oi 1 

Products 

(3) 

Blast 

Furnace 

Gas 

Coke 

Oven & 
Gas Work 

Elec¬ 

tri¬ 

city 

Total 

Connie rc i a 1 
Sources 
ot Energy 

Total Transportation of which 

3.9 

li.3 



12. 

7 



0.9 

28.8 

Road and Tramways 





10. 

2 



O.t 

10.3 

Ra 1 1 roads 

3.9 

11.0 



0. 

4 



0.8 

16.1 

Waterways 


0.3 



0. 

6 




0.8 

A i r 





t. 

5 




1.5 

Total Industry of which 

0.6 

8.1(1) 

3.3 


8. 

8(1 ) 

0.7(1 ) 

0.9 

10.3 

32.7 

1ron and Stee1 

0.4 

- 

3.1(2) 




0.7(1 ) 

0.9 

1.4 


Fe rt i 1 i ze r 



0.2 






0.4 


Heavy Chemical 


0.3 







0.3 


St ructural Clay Products 


1.8(5) 









Cement 


1 . 8 







0.9 


Mi ni ng & Quar rymg 


- 







0 1 


Non-Ferrous (Copper only) 


0. 1 







0.5 


Text i les 


1 .7 







2.8 


01 he r s 

0.2 

2.4 







3.9 


Total Other Sectors 


t .0 

- 

3.0 

14 

.2 



3.7 

21.9 

Agriculture 


0.3 



2 

.0 



0.7 

3.0 

Oomst i c 


- 


3.0 

12 

.2 



1 .4 

16.6 

Connie rc i a 1 


0. t 







0. 8 

0.9 

Gove rnment 


0.6 







0.6 

1 .2 

Ot he r 









0.2 

0.2 

Consumption by the Energy Sectoi 











and Losses (4) 

0. 7 

I .6 





0.4 

0.2 

0.5 

3 4 

TOTAL INTERNAL FINAL CONSUMPTION 

5.2 

22.0 

3.3 

3.0 

35 

.7 

1 .1 

1 .1 

15.4 

86 . 8 


TABLE 5-7A 

OIL PROOUCTS - ALL INDIA 1959 BO 
TOTAL INTERNAL FINAL ENERGY CONSUMPTION OF OIL PRODUCTS 
BROKEN DOWN BY SECTOR OF CONSUMPTION 
(Mi I I ion Tonnes of Coal Replacement) I 

Total Oil Pioducts 2 Motor Spirit 


TOTAL TRANSPORTATION 

12.7 

Of which: Road and Tramways 

10.2 

Rai1 roads 

0. 4 

Waterways 

0.6 

A i r 

1 5 

TOTAL INDUSTRY 

8.8 


Of which: Iron & Steel | , 

Fe r 11 I i zei 
Heavy Chemical 
Structural Clay Products 
Cement 

Mining & Qua rr ying 
Non-Fe r rous 
Te x 1 1 I es 
Others 

TOTAL OTHER SECTORS 14 2 

01 whi ch Ag r tcu 11 u r e 2 0 

Domes tic 12 2 

Comme r c i a I 
Government 
Other 

TOTAL INTERNAL FINAL CONSUMPTION 35.7 


5.2 

5.2 


5.2 


!/ Tire factor used for oil products is 0.5 MtCR for t Mt oil pr oduct s .The 
factor used is the replacement ratio expressing the amount ot coal 
needed to substitute the I i ita I use, takrng account of relative 
efficiencies involved in typical cases of substitution. 

2/ Includinga very small quantity of power alcohol derived from molasses. 

Note’ Quantities less than 0.05 MtCR are not shown. 

^ Yi I imr not yet broke’ down and included in these figures. 


lung Fire- Waste 
Dry) wood Pro¬ 
ducts 


Total Total 

Non-Commer- Internal 
cial Energy Final Con- 
suinpt ion 


28.8 


(1) Excluding quantities used in non-utility electricity generation. 

(2) Excluding quantities considered as t ransf ormed into blast furnace gas. 

(3) Including a very small quantity of power alcohol derived from mo I asses. 

(4) Mainly mines own consumption including miners' coal. Excludes losses in 
electricity sector and refineries which are accounted in coal 
replacement factor applied to final consumption. 

(5) Includes 1.75 million tonnes for brick burning. 

Note: Quantities less than 0.05 MtCR are not shown. 

-*»Value not yet broken down and included in these figures. 


10.3 

16.1 

0.9 

1.5 

32.7 


(***) 

The factors used for oil products, dung and firewood are replacement 
ratios expressing the amount of coal needed to substitute their final 
use taking account of relative efficiencies involved in typical cases 
of substitution. The factors for coke and gas are purely technical 
conversion factors permitting the expression of final consumption of 
these fuels in terms of the primary input of coal actually needed. The 
replacement factor used for final electricity consumption permits its 
expression in terms of the amount of coal that would have been needed 
if no hydel or oil generation were available. 


71.3 

91.7 

28.7 

141 .7 

163.8 

10® kWh electricity (TWh) 
1953/54 - 1 960/61 

1 965/66 - 1 980/81 

1 

0.7 

21.3 

91.7 

28.7 

141.7 

3.0 

158.3 

0.9 

1 0 

1 Mt oil product 

1 Mt soft coke 

6.5 

1.5 

- 

- 

- 

- 

1 . L 

0.2 



- 

- 


- 

3.4 



21.3 

91.7 

28.7 

141.7 

228.5 




Million Tonnes of Coal Replacement of other Sources: 

1 Mt Hard coke . 1,13 

3 

1D00 million m 

manufactured gas. 0.83 

1000 mi II ion m 3 blast 
furnace gas. 0,18 

1 Mt Dry Dung 0.4 

1 Mt Firewood & Waste Products 0.95 


viation & Jet Fue I 
1.5 


1 .5 


HSDO LDO Kerosene LPG Fuel Oil Vapourising Oil 


5.4 

0.1 

- 

- 

0.5 

5.0 





0.3 




0.1 

0.1 

0.1 



0.4 

1.0 

1.8 

0.1 


5.9 


. t 


0.7 1.1 12.1 0.1 0.2 

0.7 1.1 0.2 

12.1 0.1 


1.5 


7.1 3.0 12.2 0.1 6.4 0.2 
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TOTAL INTERNAL FINAL ENERGY 


Total Transports!ion ol which 

Rosd snd Tramways 
RaiI roads 
Waterways 
Air 

Total Industry of which 

iron & Steal 
Fertilizer 
Heavy Chemical 
Structural Clay Products 
Cement 

Mining & Quarrying 
Non-Ferrous (Copper only) 

Test! les 
Others 

Total Other Sectors of which 

Agriculture 
Domest ic 
Commercial 
Government 
Other 

Consumption by the Energy 
Sector and Losses (4). 

TOTAL INTERNAL FINAL CONSUMPTI ON 


TABLE 5-8 
ALL INDIA 1980/1 

CONSUMPTION BROKEN DOWN BY SECTOR OF CONSUMPTION AND SOURCE OF ENERGY 

(Mi I I i on Tonnes of Coal Replacement)*** 


Cok i ng 
Coal 

Non- 
Cok ing 
Coal 

Coke 

Exc1ud- 
ing Soft 
Coke 

Soft 

Coke 

Total 

Oi 1 

Products 

(3) 

Blast 

Furnace 

Gas 

Coke 

Oven & 

Gas Work 
Gas 

Elec¬ 

tri¬ 

city 

Total 

Comma rc i „ 
Sources 
of Energy 

1.3 

14.7 

— 

- 

14.2 

- 

- 

0.8 

31.0 

_ 

_ 

_ 

— 

11.3 

— 

— 

- 

11.3 

1 .3 

14.2 

— 

- 

0.5 

- 

— 

0.8 

16.8 


0.5 

- 

- 

0.6 

- 

- 

- 

1.1 

- 

- 

- 

- 

1.8 

— 

— 

— 

1.8 

2.1 

8.6(1) 

3.9 

- 

9.3(1) 

1.KD 

1.3 

11.8 

38.5 

1 ..1 

_ 

3.6(2) 

— 

0.4 

i .in > 

1.3 

1.8 

9.5 

( - 


0.3 

— 

— 

- 

— 

0.5 

0.8 

( - 

0.3 


- 

0.5 

- 

— 

0.4 

1 .2 


1.1(5) 

— 

— 

0.3 

- 

— 

— 

1 .4 

_ 

2.3 

— 

— 

0.2 

— 

— 

0.9 

3.4 

— 



— 

0.1 

— 

— 

0. 1 

0.2 

__ 

_ 



— 

— 

— 

0.5 

0.5 

_ 

1 .8 

_ 

_ 

2.9 

— 

— 

2.9 

7.6 

0.8 

3.1 

- 

- 

5.5(6) 

- 

- 

4.5 

13.9 

- 

o.e 

- 

2.8 

15.0 

- 

- 

4.0 

22.7 

_ 

0.2 

_ 

_ 

2.1 

- 

- 

0.8 

3.1 

_ 


_ 

2.8 

12.9 

— 

— 

1.5 

17.2 

_ 

Q. 1 

__ 


— 

— 

— 

0.9 

1.0 

_ 

0.6 

— 


— 

- 

— 

0.6 

1 .2 

- 


- 

- 

- 

— 

— 

0.2 

0.2 

0.8 

1.8 

- 

- 

- 

0.7 

0.4 

0.5 

4.2 

4.2 

26.0 

3.9^ 

2.8 

39.1 

1.8 

1.7 

16.9 

96.4 


TABLE 5-8A 

OIL PRODUCTS - ALL INDIA - 1 960/1 
TOTAL INTERNAL FINAL ENERGY CONSUMPTION OF OIL PRODUCTS 
BROKEN DOWN BY SECTOR OF CONSUMPTION 
(Million Tonnes of Coal replacement)!/ 



Total Oil Products 2/ 

Motor Spiri' 

TOTAL TRANSPORTATION 

14.2 

5.5 

Of which: Road & Tramways 

11.3 

5.5 

Rai 1 roads 

0.5 

— 

Rate rways 

0.6 

— 

Air 

1.8 


TOTAL INDUSTRY 

9.9 

— 

Of which: 1ron & Steel 

0.4 


Fart 1 1iz e r 

— 


Heavy Chemical 

0.5 


Structural Clay Products 

0.3 


Cement 

0.2 


Mining & Quarrying 

0.1 


Non-Ferrous 

— 


Text iles 

2.9 


Otha rs 

5.5 


TOTAL OTHER SECTORS 

15.0 


Of which: Agriculture 

2.1 


Domest ic 

12.9 


Commercia t 

Gove rnment 

Dthe r 

TOTAL INTERNAL FINAL CONSUMPTION 

39.1 

5.5 


1/ The factor used for oil products is 6.5 MtCR for 1 Mt oil products. Tl 
factor used is the replacement ratio expressing the amount of coal 
needed to substitute the final use, taking account of relative 
efficiencies involved in typical cases of substitution. 

2/ Including • very small quantity of power alcohol derived from moiasse: 

Mots: Quantities less than 0 "W MtCR are not shown. 


Dung 

(Dry) 

Fire¬ 

wood 

Waste 

Pro¬ 

ducts 

Total 

Non-Comme r- 
cial Energy 

Total 
Interna 1 
Final Con 
sumption 

- 

- 

- 

- 

31.0 

- 

- 

- 

- 

11.3 

- 

- 

- 

- 

16.8 

“* 

— 

- 

- 

1.1 

— 

“ 

— 

— 

1.8 

- 

- 

- 


38.5 

- 


- 

- 

9.5 


- 

- 

- 

0.8 

— 

— 

— 

— 

1 .2 

- 

- 

- 

- 

1 .4 

— 

- 

— 

— 

3.4 

- 

— 

— 

— 

0.2 

— 

- 

— 

— 

0.5 

- 

~ 

- 

- 

7.6 


— 

— 

— 

13.9 

21 .6 

95.3 

29.2 

146.1 

168.8 

— 

— 

— 

— 

3.1 

21 .6 

95.3 

29.2 

146.1 

163.3 

— 

— 

— 

— 

1 .0 

- 

- 

- 

- 

1 .2 



— 

■“* 

0.2 

- 

- 

- 

- 

4.2 

21 .6 

95.3 

29.2 

146.1 

242.5 


(1 ) Excluding quantities used in non-utility electricity generation. 

(2) Excluding quantities considered as transformed into blast furnace gas. 

(3) Including a very small quantity of power alcohol derived from molasses. 

(4) Mainly mines' own consumption including miners’ coal. Excludes losses in 
electricity sector and refineries which are accounted for in the coal 
replacement factor applied to final consumption. 

(5) Includes 0.96 million tonnes for brick burning. 

Note: Quantities less than 0.05 MtCR are not shown. 

(6) Probably includes a small quantity corresponding to 0.02 million tonnes 
of LOO consumed by auto producers for electricity generation (c.f. 

Table 4-31. Footnote 13 and Table 4-13, Footnote 4) 


(***) 


The factors used for oil products, dung and firewood are replacement 
ratios expressing the amount of coal needed to substitute their final 
use taking account of relative efficiencies involved in typical cases 
of substitution. The factors for coke and gas are purely technical 
conversion factors permitting the expression of final consumption of 
these fuels in terms of the primary input of coal actually needed. 

The replacement factor used for final electricity consumption permits 
its expression in terms of the amount of coal that would have been 
needed if no hydel or oil generation were available. 


Million Tonnes of Coal Replacement of other sources: 


,0 9 

kWh electricity (TWh) 
1953/54 - 1960/6t 

1 


1965/66 - 1980/81 

0.7 

1 Mt 

oi1 product 

6.5 

1 Mt 

soft coke 

1.5 


1 Mt hard coke 

1.13 

1000 million nr 

manufactured gas 

0.83 

3 

1000 million m 

blast furnace gas 

0.18 

1 Mt dry dung 

0.4 

1 Mt f i rewood and 
waste products. 

0.95 


Aviation & Jet Fuel 

HS00 

LOO 

Kerosene 

LPG 

Fuel Oil 

Vapour ising Oil 

1 .8 

6.3 

0.1 

- 

- 

0.5 


_ 

5.8 

0.4 




0.1 


— 

0 . 1 

0.1 



0.4 


1 .8 







- 

1 .2 

1.9 

0.1 


6.7 







0.4 







0.5 



0. 1 

— 



0.2 



0.1 

- 



0.1 



- 

0.1 






0.2 

0.5 



2.2 



0.8 

1.3 

0.1 


3.3 



0.7 

1.3 

12.8 

0.1 


0.1 


0.7 

1.3 




0.1 




12.8 

0.1 



1 .8 

8.2 

3.3 

12.9 

0.1 

7,2 

0.1 
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TABLE 5-8 


ALL INDIA 1861/2 


TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTOR OF CONSUMPTION AND SOURCE OF ENERGY 


Total Transportation of which 

Road and Tramways 
RaiI roads 
Waterways 
A i r 


Total Industry of which 

Iron and Steel 
Fertilizer 
Heavy Chemical 
Structural Clay Products 
Cement 

Mining & Quarrying 
Non-Ferrous (Copper only) 
TextiIes 
Others 

Total Other Sectors of which 


Agriculture 
Domes tic 
Commercial 
Government 


Consumpt i on by the 
Energy Sector & Losses v ' 

TOTAL INTERNAL FINAL CONSUMPTION 


(Million 

Co King 
Coa 1 

Tonnes of 

Non- 

Coking 

Coa i 

Coal Replacement)*** 

Metal- Soft Total 

lurgi- Coke Oi1 

cal Pro- 

Coke ducts (3) 

Blast 

Furnace 

Gas 

Coke 

Oven & 

Gas Works 
Gas 

Elec¬ 

tri¬ 

city 

Total 

Commercial 
Sources of 
Energy 

1.4 

15.3 

— 


15.8 



0.8 

33.5 





12.5 



0.1 

12.6 

1.4 

15.0 

- 


0.5 



0.8 

17.7 


0.3 



0.8 




1.1 





2.1 




2.1 

1.6 

9.8 (1) 

5.5 


10.8 

1 .3° ) 

1 .4 

14.0 

44.4 

1 .2 

0.1 

5.2( 2 > 


0.6 

1.3<’> 

1.4 

2.4 

12.2 


— 

0.3 


— 



1. 3 

1 .6 





0.5 



0.6 

1 .1 


1.5(4) 



0.3 



— 

1.8 


2.5 



0.3 



1.0 

3.8 





0.1 



0.1 

0.2 


_ 






0.5 

0.5 


2.1 



3.2 



2.9 

8.2 

0.4 

3.6 



5.8 



5.2 

15.0 


0.4 


2.B 

16.7 


0.1 

4.3 

24.3 


_ 



2.2 



1.0 

3.2 




2.8 

14.5 


0.1 

1.7 

19.1 


0.1 






0.9 

1.0 


0.3 






0.7 

1.0 

0.8 

2.1 




0.8 

0.6 

0.5 

4.9 

3.8 

27.6 


2.8 

43.4 

2.1 

2.1 

19.7 

107.1 


TABLE 5-BA 

OIL PRODUCT - ALL INDIA - 1961/2 
TOTAL INTERNAL FINAL CONSUMPTION OF OIL PRODUCTS 
BROKEN DOWN BY SECTOR OF CONSUMPTION 
(Million Tonnes of Coal Replacement) 1/ 


Total Oil Product 2/ Motor Spirit 


Transportat ion of which 

15.93 

Road & Tramways 

12.54 

Ra i 1 roads 

0.52 

Wa terways 

0.79 

A i r 

2.08 

Industry of which 

10.82 

1 r on & Steel 

0.52 

Fe rt i 1 i se r 

— 

Heavy Chemica1 

0.52 

Structural Clay Products 

0. 33 

Cement 

0.33 

Mining & Quarrying 

Non-Ferrous 

0.14 

Text i les 

3. 18 

Other 

5.80 

Other Sectors of which 

16.61 

Agriculture 

2.21 

Oomest i c 

14.37 

Commercial 

0.03 

TOTAL INTERNAL FINAL CONSUMPTION 

43.36 


1/ The factor used for oil products is 6.5 MtCR for 1 Mt oil products. The 
factor used is the replacement ratio expressing the amount of coal 
needed to substitute the final use. tak ing account of relative 
efficiencies involved in typical cases of substitution. 

2 / Including a very small quantity of power alcohol derived from molasses. 

- Negligible or less than half the final digit shown. 



Dung Fire- Waste Total Total 

tPry) wood Pro- Non-commer- Internal 

ducts cia I Energy Final Con- 

__ simp t i on 

33.5 

12.6 
17.7 

1 . 1 
2.1 

44.4 

12.2 
1 .6 
1 .1 
1 .8 
3.8 
0.2 
0.5 
8.2 
15.0 


21 8 

95.8 

2 9 4 

147.0 

171.3 

218 

95.8 

79 4 

147 0 

3.2 

166.1 


1 .0 
I .0 


4 9 

218 95 8 29 4 147 0 254.1 


(1) Excluding quantities used in non-utility generation. 

(2) Excluding quantities considered as transformed into blast furnace gas. 

(3) Including a very small quantity of powe r-a Icoho I derived from molasses. 

(4) Includes 1.4 million tonnes used for brick-burning. 

(5) Mainly mines own consumption including miners' coal. Excludes losses 
in electricity sector and refineries, which are accounted in coal 
replacement factor applied to final consumption. 

Note: Quantities less than 0.05 MtCR are not shown. 

— Negligible or less than halt the final digit shown. 


(***) 

The (actors used for oil products, dung and lirewood are replace¬ 
ment ratios expressing the amount of coal needed to substitute 
their final use taking account of relative efficiencies involved 
in typical cases of substitution. The factors for coke and gas 
are purely technical conversion factors permitting the expression 
of final consumption of these fuels in terms at the primary input 
of coal actually needed. The replacement factor used for final 
eIectrIcity consumption permits its expression in terms of the 
amount of coal that would have been needed if no hydel or oil 
generation were available. 


Million Tonnes of Coal Replacement 


1 kWh 

e 1 ect r ic i t y (TWh ) 

1 

1 ODD million m 3 

0.83 

Mt 

Oi 1 Product 

6.5 

manufactured gas 


Mt 

Mt Hard Coke 

1 13 

•j 


Mt 

Sott Coke 

1.5 

1000 million m 
blast furnace gas 

1 Mt dry dung 

1 Mt f i rewood & 
waste products 

0.18 

0.4 

0 95 


Aviation & Jet f ue 
2 . 08 

2 08 


2 08 


HSOO 

LOO 

Kerosene 

LPG 

Fue1 01 

Vapourisi ng 0 i 1 & Relinery Gas 

7.28 

0.06 



0.73 


6.76 






0.47 




0.05 


0 05 

0.06 



0.68 


1.30 

1 . 97 

0.14 


7.41 






0.52 






0.52 


0 06 

0.07 



0.20 


0.06 

0 07 



0.20 


0.0/ 

0.07 





0.26 

0.39 



2.53 


0.P5 

1.37 

0.14 


3 . 44 


0.85 

1 .25 

14.32 

0.08 


0.11 

0.85 

1.25 




0.11 



14.32 

0.05 






0.03 



9 43 

3.28 

14.46 

0.08 

8.14 

0. 11 
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TABLE 5-10 
ALL INDIA - 1962/3 

TOTAL INTERNAL FINAL CONSUMPTION BROKEN DOWN BY SECTOR OF CONSUMPTION & SOURCE OF ENERGY 

(Million Tonnes of Coal Replacement)*** 


Total Transportation of which 

Road and Tramways 
RaiI roads 
Waterways 
Ai r 

Total Industry of which 

Iron & StaeI 
Fertilizer 
Heavy Chemical 
Structural Clay Products 
Cement 

Mining A Quarrying 
Non-Ferrous (copper only) 

Textiles 
Others 

Total Other Sectors of which 

Agr iculture 
Domestic 
Commercial 
Government 

l 51 

Consumption by the Energy' 

Sector & Losses 

TOTAL INTERNAL FINAL CONSUMPTION 


k i ng 
a 1 

Non- 

Coking 

Coa 1 

Coke 

Exc luding 
Soft Coke 

Soft 

Coke 

Total 

Oil Pro¬ 
ducts 
(3) 

Blast 

Furnace 

Gas 

Coke 

Oven £ 

Gas Works 
Gas 

Elec¬ 

tri¬ 

city 

Total 

Commercial 
Sources of 
Energy 

2.1 

15.2 

0.1 


17.7 



0.9 

36.0 





14.0 



0.1 

14.1 

2.1 

14.9 

0.1 


0.6 



0.8 

18.5 


0.3 



0.8 




1.1 





2.3 




2.3 

1.7 

11 . 8 ( 1 } 

S.2 


13.8 

I.S*” 

1.7 

15.9 

52.6 

1.2 

0.1 

5.0 (2) 


0.8 

1.5<’> 

1.7 

2.7 

13.9 



0.3 


0 . 1 



1.0 

2.0 





0.7 



0.7 

1.4 


i ,a (4) 



0.5 




2.3 


2 . 4 



0.6 



1 .0 

4.0 


0.1 



0. 1 



0 . 1 

0.3 








0.7 

0.7 


2.2 



3.8 



3.2 

9.2 

0.5 

5.2 



7.2 



5.9 

18.8 


0.0 


3.2 

18.2 


0.1 

4.8 

20.9 


0.1 



2.3 



1.1 

3.5 




3.2 

15.9 


0.1 

1.9 

21.1 


0.1 






1.0 

1.1 


0.4 






0.0 

1.2 

0.9 

2.0 




0.9 

0.5 

0.0 

5.5 

4.7 

30.2 

6.3 

3.2 

49.7 

2.4 

2.3 

22.2 

121.0 


TABLE 5-10A 

OIL PRODUCT - ALL INDIA - 1902/3 
TOTAL INTERNAL FINAL CONSUMPTION OF OIL PRODUCTS 
BROKEN DOWN BY SECTOR OF CONSUMPTION 
(Million Tonnes of Coal Replacement) 1/ 

Total Oil Products 2/ Motor Spirit 


Transportation of which 

17.68 

Road £ Tramways 

14.01 

Rei1 roads 

0.02 

Waterways 

0.79 

Ai r 

2.26 

Industry of which 

13.82 

Iron £ Steel 

0.78 

Fertilizer 

0.05 

Heavy Chemica 1 

0.71 

Structural Clay Products 

0.53 

Cement 

0.59 

Mining £ Quarrying 

0.14 

Non-Ferrous 


Texti les 

3.76 

Other 

7.25 

Other Sectors of which 

18.21 

Agricu 1 ture 

2.36 

Domestic 

15.82 

Comma rcia 1 

0.03 

TOTAL INTERNAL FINAL CONSUMPTION 

49.71 


1/ The factor used for oil products is B.5 MtCR for one Mt oil products. 
The factor used is the replacement ratio expressing the amount of coal 
needed to substitute the final use, taking account of relative 
efficiencies involved in typical cases of substitution. 

2/ Including a very small quantity of power alcohol derived from molasses. 
- Negligible or less thsn half the final digit shown. 


To t a i 
Internal 
Final Con- 
sumpt ion 

36.0 

14. 1 
18.5 
1 . 1 

2.3 
52 .6 

13.9 

2.0 

1.4 
2.3 
4.0 
0.3 
0.7 
9.2 

18.8 


22.0 

96.5 

29.5 

148.0 

174.9 

3,5 

22.0 

96.5 

29.5 

148. 0 

169.1 

1 .1 
1.2 

5.5 

22.0 

96.5 

2 9.5 

148.0 

259.0 


Dung Fire- Waste Total 
(dry) wood pio- Non-Commer- 
ducts c ia I Energy 


(1) Excluding quantities used in non-utility electricity generation. 

(2) Excluding quantities considered as transformed into blast furnace gas 

( 3 ) Including a very small quantity of power alcohol derived from molasse 

(4) Includes 1.73 million tonnes used for brick-burning. 

(5) Mainly mines own consumption including miners’ coal. 

Excepting losses in electricity sector and refineries which are 
accounted in coal replacement factor applied to final consumption. 

- Negligible or less than half the final digit shown. 


(...) 

The factors used for oil products, dung and firewood are 
replacement ratios expressing the amount of coal needed to 
substitute their final use taking account of relative efficiences 
involved in typical cases of substitution. The factors for coke 
and gas are purely technical conversion factors permitting the 
expression of final consumption of these fuels in terms of the 
primary input of coal actually needed. The replacement factor 
used for final electricity consumption permits its expression 
in terms of the amount of coal that would have been needed 
if no hydel or oil generation were available. 

Million Tonnes of Coal Replacement 


10® kWh e lec t ric 1 1 y (TWh) 1 

1 Mt Oil product 6.5 

I Mt Hard Coke 1.13 


I Mt Soft Coke , 1.5 

1000 million mi manufactured gas 
1000 mi I I ion m J blast furnace gas 


1 Mt dry Dung 

I Mt firewood and Waste Products 


0.83 

0.18 

0.4 

0.95 



Av i a t ion & Jet fuel 

HSDO 

LOO 

He r osene 

IPG’ 

Fue 1 0 i 1 

Naptha 

Vapourising Oil & Re fine r y Gas 

2.26 

8.50 

0.05 



0.75 




7.89 








0.55 




0.07 




0. 06 

0.05 



0.68 



2.26 

1 .57 

2.24 

0.16 


9.80 

0.05 







0.78 

0.05 







0.71 




0.07 

0.07 



0.39 




0.13 

0.07 



0.39 




0.07 

0,07 







0.32 

0.52 



2.92 




0.98 

1.51 

0. 16 


4.61 




0.97 

1 .31 

15.75 

0. 10 



0.08 


0.97 

1 .31 

15.75 

0. 07 



0.08 





0.03 




2.26 

11.04 

3.60 

15.91 

0.10 

10.55 

0.05 

0.08 
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TABLE 5-11 

ANDHRA PRADESH 1960,1 


TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTOR OF CONSUMPTION AND 

(In million tonnes of coal replacement)*** 

Coking Non- Coke ex- Soft 

Coal Coking eluding Coke 

Coal Soft Coke 

SOURCE OF 

Total 

Oi 1 

Pr oduc ts 

TOTAL TRANSPORTATION of which 

0.05 

1.20 


0, 

.98 

Road and Tramways 


— 




Rai1 roads 

0.05 

1 .20 




Wate rways 


- 




Ai r 


— 




TOTAL INDUSTRY of which 


0.73 

0.01 

0. 

33 

Iron & Stee 1 



0.01 

1 


Fe r t i 1 ize r 


0.02 


1 


Heavy Chemical 






Structural Clay Pioducts 


0.03 




Cement 


0.22 




Mining & Quarrying 


- 




Non-Fe rious 


— 




Tex tiles 


0.12 




Others 


0.34 




OTHER SECTORS of which 


0.02 


1 . 

04 

Agricul ture 


- 


0 . 

.13 

Oomest ic 


- 


0 

91 

Commerc ia 1 






Gove rnmen t 


0.02 




Othe r 


■ 




CONSUMPTION BY THE ENERGY SECTOR & 

LOSSES 

0.08 




TOTAL INTERNAL FINAL CONSUMPTION 

0. 05 

2.03 

0.01 

2 

.35 


(**•) The factor used fat oil products dung and firewood are replacement ratios expressing ttie amount of coal needed to 
substitute their final use taking account of relative efficiencies involved in typical cases of substitution. The 
factors for coke and gas are purely tecnnical conversion factors permitting the expression of filial consumption of 
these fuels in terms'of the primary input of coal actually needed. The replacement factor used for final electricity 
consumption permits its expression in terms of the amount of coal that would have been needed if no hydel or oil 
gene rat ion were available. 
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ENERGY 


Blast 

Coke Oven 

Elec¬ 

Total 

Oung 

Fire¬ 

Waste 

Total Non¬ 

Total 

Furnace 

& Gas 

tri¬ 

Comma rc i a 1 

(dry) 

wood 

Pro¬ 

commercial 

Internal 


Work Gas 

city 

Sources of 



ducts 

Ene r gy 

Final Con- 


_ Energy _ snmpt ion 

0.01 2.24 2.24 

0.01 


0.42 1.49 1.49 

0.02 


0.05 


0.06 

0.30 


0.21 

1 .27 

1 .6 

8JB 

2.5 

12.7 

13.97 

0.05 

0.07 

0.03 

O.C? 

0 . 03 

0 IB 

0.98 

0.03 

0.04 

0.03 

1 .6 

8.0 

2.5 

12.7 


0.08 

0 16 





0.16 

0.72 

5.16 

1 .6 

8,6 

2.5 

12.7 

17.86 


Conversion anil Replacement factors used are 


1 Mt Soft Coke 

1.5 Mt CR 

.9 



1 Mt Coke olliei than Soft Coke 

i.i3 " Wjr 

10 a 

kWh electricity (TWh) 

1 Mt CR 

1 Mt Oil Products 

6.50 ” 

1 Mt 

dry dung 

0.4 " 

1000 mi 11ion (10 9 ) m 3 


1 Mt 

firewoori & was te 

0.95 ” 

manufactuied gas 

0.83 " 




l 000 mi 1 1 i nn ( I 0 9 ) m 3 b last 





furnace gas. 

0.18 '• 
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TABLE 5-12 
ASSAM 1960/1 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTOR OF CONSUMPTION ANO SOURCE OF ENERGY 

(In Million tonnes of coal replacement)*** 

Coking Non- Coke ex- Soft Total Oil 

Coal Coking eluding coke products 

Coal Soft Coke 


TOTAL TRANSPORTATION of which 

0.38 


0.52 

Road and Tramways 

Rai 1 roads 

0.23 




Waterways 

Ai r 

0.15 




TOTAL INDUSTRY of which 

0.23 

0.01 

0.52 

Iron & Steel 


0.01 



Fert i 1 izer 

Heavy Chemical 

Structural Clay Products 

0.05 





Cement 

Mining & Quarrying 

Non-Ferrous 

Tex tiles 


Othe r 

0.18 

i 


TOTAL OTHER SECTORS of which 

0.03 

0.65 

Agr iculture 


0 . 

.13 

Domest ic 

0.01 

0.52 

Comma r cia 1 




Government 

0.02 



Other 




CONSUMPTION BY THE ENERGY SECTOR AND LOSSES 

0.03 



TOTAL INTERNAL FINAL CONSUMPTION 

0.B7 0.01 

1.89 


(••«) The factors used for oil products, dung and firewood are replacement ratios expressing the amount of coal needed 
to substitute their final use taking account of relative efficiencies involved in typical cases of substitution. 

The factors for coke and gas are purely technical conversion factors permitting the expression of final consumption 
of these fuels in terms of the primary input of coal actually needed. The replacement factor used tor final 
electricity consumption permits its expression in terms of the amount of coal that would have been needed if 
no hydel or oil generation were available. 
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Blast 

Cake Oven 

Elec- 

Total 

Dung 

F i re - 

Waste 

Total Non- 

Total 

Internal 

Furnace 

t Gas 

tr i- 

Commercial 

(dry) 

wood 

Pro¬ 

Comma rcial 

Final 

Consump- 

Gas 

Work Gas 

c i ty 

Sources of 



ducts 

Energy 

t i on 



Energy 


0.01 

0.91 

0.91 

0.01 



0.01 

0.77 

0.77 


0.01 






0.02 

0.70 0.2 

4.2 

0.9 5.3 


8.00 

0.01 

( 

(0.01 

( 

0.01 

0.13 

0.54 0.2 

0.02 
(0.01 
( 

4.2 

0.9 



0.04 




0.04 

0.05 

2.42 0.2 

4.2 

0.9 5.3 


7.72 

Conversion and replacement factors 

used are: 





1 Mt soft coke 

1 .5 MtCR 


10 a kWh electric 

ity (TWh) 

1 Mt CR 

1 Mt coke other than soft coke 

1.13 " 


1 Mt dry dung 


0.4" 

1 Mt oil products 

8.50 " 


1 Mt f i rewood & 

was te 

0.95 ” 

1 0 00 million ( 1 0 9 ) m 3 manufactured 

gas 0.83“ 





-do- blast furnace gas 0.18 “ 
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TABLE 5-13 
BIHAR 1960/1 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTOR OF CONSUMPTION AND SOURCE OF ENERGY 

(In million tonnes of coal replacement)*** 



Coking 

Non- 

Coke 

Soft 

Total 


Coa 1 

Coking 

excluding 

Coke 

Oi 1 




Coa 1 

soft coke 


Products 

TOTAL TRANSPORTATION of which 

0.23 

1.49 



0 . 

71 

Road and tramways 

Rai1 roads 

0.23 

1.42 





Waterways 

A i r 


0.07 





TOTAL INDUSTRY of which 

1.21 

0.72 

1.34 


0 . 

7B 

1 ran & Steel 

0.40 


1.09 




Fertilizer 



0.25 




Heavy Chemical 

Structural Clay Products 


0.07 





Cement 


0.28 





Mining & Quarrying 


0.02 





Non-ferrous 


0.04 





Text i les 

Other 

0.B1 

0.30 





TOTAL OTHER SECTORS of which 


0.07 


0.17 

1 . 

11 

Agriculture 


0.02 



0 . 

07 

Dome stic 

Comma rcia 1 

Government 

Other 


0. 05 


0.17 

1 . 

04 

CONSUMPTION BY THE ENERGY SECTOR AND LOSSES 

0.7B 

0.50 





TOTAL INTERNAL FINAL CONSUMPTION 

2.22 

2.78 

1.34 

0.17 

2.BO 


(***) ThB factors used for oil products, dung and firewood are replacement ratios expressing the amount of coal needed 
to substitute their final use taking account of relative efficiencies involved in typical cases of substitution. 

The factors for coke and gas are purely technical conversion factors permitting the expression of final consumption 
of these fuels in terms of the primary input of coal actually needed. The replacement factor used for final 
electricity consumption permits its expression in terms of the amount of coal that would have been 
needed if no hydel or oil generation were available. 
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Blast 

Coke 

Oven 

Elec¬ 

Total 

Oung 

Fire¬ 

Was t e 

Total Non- 

Total 

Internal 

Furnace 

& Gas 

work 

tri¬ 

Comma rc i al 

(dry) 

wood 

Pr o - 

comme rc ia 1 

Final 

Consump- 

Gas 

Gas 


city 

Sources of 



due t s 

Ene rgy 

1 1 on 



Energy 


0.04 2.47 2.47 

0.04 


0.43 

0.44 

1 . 45 

6.37 

0.43 

0.44 

0.62 

0.38 



6.37 


0.26 

0.05 
0 01 
0.13 



0. 11 

1 .46 

3.0 

6.8 

3.2 

13.0 14.46 



0.02 

0. 1 1 







0.04 

1 .25 

3.0^ 

6.0 

3.2 




0.03 

0.03 







0.02 

0.07 






0.22 0.2 0 

0.10 

1.88 




1.88 


0.65 0.64 

1 .78 

12.18 

3.0 

6.8 

3.2 

13.0 25.18 


Conversion and replacement factors 

used are 






1 Mt soft coke 



1.5 MtCR 



10 9 kWh electricity (TWh) 

1 MtCR 

1 Mt coke other than 

soft coke 


1.13 " 



1 Mt dry dung 

0.4 " 

1 Mt oil pioducts 



6.50 ” 



1 Mt firewood & waste 

0.95 " 

1 000 million (10 9 ) m 

9 manufactured 

gas 

0.83 ” 






-da blast furnace gas 0.18 "* 
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TABLE 5-1* 

OUJARAT 1960/1 

TOTAL INTERNAL FINAL ENER8Y CONSUMPTION IROKEN DOVN IT SECTOR OF CONSUMPTION t SOURCE OF ENEROY 

(In million tonnts of coil replacement)*•• 



Cok i ng 
Coa 1 

Non- 
Coking 
Coa 1 

Coke ex¬ 
cluding 
Soft Coke 

Soft 

Coke 

Total oil 
Products 

TOTAL TRANSPORTATION of which 

0.02 

1.10 



0.72 

Road and Tramways 

Ra 1 Iroada 

Vaterways 

Ai r 

0.02 

1.10 




TOTAL INDUSTRY of which 


1.37 

0.03 


0.81 

ironl Stee1 

Fertilizer ) 

Heavy Chemica1) 

Structural Clay Products 

Cement 

Mining t Quarrying 

Non-ferrous 

Textilea 

Other 


0.14 

0.04 

0.47 

0.71 

0.01 

0.03 



TOTAL OTHER SECTORS of which 




0.06 

1 24 

Agr iculture 

Domestic 

Commerc ia 1 
government 

Other 


0.01 


0.06 

0.26 

0.96 

CONSUMPTION BY THE ENERGY SECTOR t LOISES 






TOTAL INTERNAL FINAL CONSUMPTION 

0.02 

2.48 

0.03 

0.06 

2.87 


***) Thi fKtort uiod for oil producti, dung and firewood art riplaconint ratiot expressing th« mount 
of coil nudid to lubitituti thiir final uti taking account of rilativo sff iciencies involved in 
typical cam of eube 11 tut i on. The factors for coke and gat are purely technical conversion factors 
permitting the ettpreiaion of final consumption of these fuels in terms of the primary input of coal 
actually neadad. The replacement factor used for final electricity consumption permits its expre¬ 
ssion in term of the amount of coal that mould have baen needed if no hydel or oil generation mere 
a v a 11 ab I s. 


356 




Blast 

Cokt ovan 

Eltc- 

Total 

Dung 

Flre- 

•attt 

Total 

Total 

Intarna1 

Furnaca 

l Bat fork 

tri- 

CoaiMrc ial 

(dry) 

tood 

Fro- 

Non-eo***r- 

Fi na 1 

Contunp- 

Bat 

Bat 

clty 

Sourctt of 



ductt 

cial Entrgy 

t i on 


_ Enirty _ 

0.02 t .86 1.18 


0.02 

0.88 3.16 3.19 

0.01 

0.09 

0.90 

0.28 


0.18 

1.48 

0.8 

5.7 

1.4 

7 . 8 

8.38 

0.02 

0.07 

0.03 

0.08 

0.28 

1.11 

0.03 

0.07 

0.8 

5.7 

1.4 




1.08 8.54 

0.8 

5.7 

1.4 7.9 

14.44 

Convartion and raplactment factor* used 

are: 




1 Ht toft cokt 

1 .5 

atca 

10 9 kih electricity (TVh) 

i atca 

1 Mt cokt other than soft cokt 

1.13 

•« 

1 at dry dung 

0.4 ” 

1 Mt oil products 

8.50 

0 

1 at f i rawood ( watt* 

0.95” 

1000 million (10®) m 3 manufactured gas 

0.83 

90 



-do- blast furnact gas 


♦f 
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TABLE 5-15 

JAMMU l KASHMIR 1980/1 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOM BY SECTORS OF CONSUMPTION AW SOURCES OF ENERBY 

(In million tonnes of cool replacement)*** 


Coking 
Coa I 


Non- Coke ex- Soft 
Coking eluding Coke 
Coal Soft Coke 


Tota I 
Oil Pro¬ 
ducts 


TOTAL TRANSPORTATION of which 0.10 

Road and Trailways 
Ra i I roads 
Wate rways 
A i r 

TOTAL INDUSTRY of which 

Iron & Steel 
Fe r t i I i ze r 
Heavy Chemical 
Structural Clay Products 
Cement 

Mining & Quarrying 
Non-ferrous 
Text i las 
Othe r 

TOTAL OTHER SECTORS of which 0.04 

Agr i cut ture 

Domestic 0.04 

Commercia I 
Gove rnment 
Othe r 

CONSUMPTION BY THE ENERBY SECTOR ANO LOSSES 

TOTAL INTERNAL FINAL CONSUMPTION 0.14 


(***) The factors used for oil products, dung and firewood are replacement ratios expressing the amount of coal needed 
to substitute their final use taking account of relative efficiencies involved in typical cases of substitution. 
The factors for coke and gas are purely technical conversion factors permitting the expression of final consumption 
of these fuels in terms of the primary input of coal actually needed. The replacement factor used for final 
electricity consumption permits its expression in terms of the amount of coal that would have been needed if no 
hydel or oil generation were available. 
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Blast 

Coke Ovan 

Elec¬ 

Tota 1 

Dung 

Fi re- 

Waste 

Total Non- 

Total 

Internal 

Furnace 

& Gas Work 

tri¬ 

Commercial 

(dry) 

wood 

Pro¬ 

comme rcia 1 

Final 

Consume- 

Qas 

Gas 

city 

Sources of 



ducts 

Energy 

t i on 



Eneigy 



0.10 

0.10 

0.02 

0.02 

0.02 


0.02 

0.03 

0.07 

0.1 

0.1 

0.3 

0.5 

0.57 

0.02 

0.06 

0.1 

0.1 

0.3 



0.01 

0.01 






0.05 

0.19 

0.1 

0.1 

0.3 

0.5 

0.69 


Conversion and replacement factors used are: 


1 Mt 

soft coke 


1 . 5 

MtCR 

10 9 

kWh electricity (TWh) 

1 MtCR 

1 Mt 

coke other than sof t coke 


1.13 

»» 

1 Mt 

dry dung 

0.4 " 

1 Mt 

oil products 


6.50 

" 

1 Mt 

firewood and waste 

0.95 " 

1000 

million (I0 9 ) m 3 manufactured 

gas 

0.83 






-do- blast furnace 

gas 

0.18 

»* 
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TABLE 9-18 
KERAU 1860/1 

TOTAL INTERNAL FINAL ENER6Y CONSUMPTION IROKEN DOWN BY SECTORS OF CONSUMPTION S SOURCES OF ENERGY 

(In million tonnes of end replacement )*•• 

Coking Non- Cote ax- Soft Total 

Coal Coklni eluding aoft Coke Oil 

Coal Coka Products 


TOTAL TRANSPORTATION of which 


0.02 0.12 


0.05 


Road and tramways 

Ra i I roads 0.02 0.12 

Waterways 

A i r 

TOTAL INDUSTRY of which 0.02 

Iront StaeI 
Fart i lizar 
Haavy Chamica I 
Structural Clay Producta 

Camsnt 0.01 

Mining l Quarrying 
Non-I arrous 
Taxt i las 

Othar 0.01 

TOTAL OTHER SECTORS of which 


0.38 


0.S8 


Agricultura 0.07 

Domestic 0-82 

Comma rc i a I 
Gove r nmant 
Ot he r 

CONSUMPTION BY THE ENER8Y SECTOR i LOSSES 

TOTAL INTERNAL FINAL CONSUMPTION 0.02 O.M 1.83 


The factors used for oil products, dung and firewood are replacement ratios expressing the amount of coal 
needed to substitute thair final use taking account of relative efficiencies involved in typical oeees of 
substitution. The factors for coke end gas are purely technical convarsion factors psrmitting the sxprsssion 
of final consumption of these fuels in terms of the primary input of coal actually needed. The replacement 
factor used for final electricity consumption permits its expression in terms of the amount of coal that 
would have been needed if no hydsl or oil generation were available. 
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Blast 

Coke Ovan 

Elec¬ 

Total Com¬ 

Dung 

F i re¬ 

Waste 

Total Non- 

Total 

Interna 1 

Furnace 

t Gas 

tri¬ 

ma r c i a 1 

(dry) 

wood 

Pro¬ 

comae rc ia 1 

Fine 1 

Contua- 

6as 

•ork Gat 

city 

Sources of 


ducts 

Energy 

pt i on 



Energy 


0.79 0.79 


0.40 0.81 


0.81 


0.07 

0.04 

0.01 

0.13 

0.01 

0.14 


0.09 

0.88 

0.4 

3.5 

1.2 

5.1 

5.78 

0.02 

0.05 

0.08 

0.57 

0.4 

3.5 

1.2 



0.02 

0.02 







0.48 

2.28 0.4 3.5 

1.2 5.1 

7.38 

Conversi on and replacement (actors 

used are:|§ 



1 Mt soft coke 

1.5 Mt CR 

10® kWh electricity (TWh) 

1 Mt CR 

1 Mt cake other than toft coke 

1.13 " 

1 Mt dry dung 

0.4 ” 

1 Mt oil products 

8.50 " 

1 Mt f irewood t waste 

0.05 " 

1000 million (10®) m® manufactured 

gas 0.83 " 



-do- blast furnace 

gas 0. 18 ’’ 
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TABLE 5-17 

MADHYA PRADESH 196D/1 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTORS OF CONSUMPTION AND SOURCE OF ENERGY 

(In million tonne* of coal replacement)*** 



Cok ing 

Non- 

Coke ex¬ 

Soft 

Total 01 1 


Coal 

Coking 

cluding 

Coke 

Products 



Coa 1 

Soft Coke 




TOTAL TRANSPORTATION of which 

0.12 

1.70 



0 . 

73 

Road and Tramways 

Rai1roads 

0.12 

1.70 





Waterways 

A i r 







INDUSTRY of which 

0. 15 

0.71 

0.52 


0 . 

.19 

Iron & Steel 

Fertilizer 

Heavy Chemical 

Structural Clay Products 

0.15 

0.06 

0.52 




Cement 

Mining t Quar ry Ing 

Non-ferrous 


0.27 





Text i les 


0.27 





Other 


0.11 





ALL OTHER SECTORS of which 


0.02 


0.03 

0 . 

78 

Agriculture 





0 . 

13 

Oomestic 

Comma rcia 1 

Government 

Other 


0.02 


0.03 

0 . 

65 

CONSUMPTION BY THE ENERGY SECTOR t LOSSES 


0.32 





TOTAL INTERNAL FINAL CONSUMPTION 

0.27 

2.75 

0.52 

0.03 

1 .70 


(***) The (actors used for oil products, dung and firewood are replacement ratios expressing the amount of coal needed 
to substitute their final use taking account of relative efficiencies involved in typical cases of substitution. 

The factors for coke and gas are purely technical conversion factors permitting the expression of final consumption 
of these fuels in terms of the primary input of Coal actually needed. The replacement factor used for final 
electricity consumption permits its expression in terms of the amount of coal that would have been needed if 
no hydel or oil generation were available. 
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Blast 

Furnace 

Bas 

Coke Oven 
& Qas 

Work Gas 

Elec¬ 

tri¬ 

city 

Total 

Conmercla 1 
Sources of 
Ene rgy 

Dung 

(dry) 

Fire¬ 

wood 

Waste 

Pro¬ 

ducts 

Total Non- 
Coffline rc ia 1 
Energy 

Total Internal 
Final Consump- 
11 on 



0.01 

2.58 





2.56 



0.01 







0.26 

0.21 

0.48 

2.52 





2.52 

0.28 

0.21 

0.20 









0.07 









0.06 

0.13 









0.11 

0.94 

1.5 

8.2 

2.1 

S. 8 

10.74 



0.05 

0.02 

0.03 

0.01 

0.13 

0.73 

0.02 

0.05 

0.01 

1.5 

6.2 

2.1 



0.08 

0.02 

0.04 

0.48 





0.46 

0.34 

0.23 

0.64 

8.48 

1.5 

6.2 

2.1 

9.8 

18.28 


Conversion and replacement (actors used are: 


1 Mt 

soft coke 


1.5 MtCR 

10 9 kWh electricity (TWh) 

1 MtCR 

1 Mt 

coke other than soft coke 


1.13 MtCR 

1 Mt dry dung 

0.4 ” 

1 Mt 

oil products 

9 7 

million (10 ) m manufactured 


8.50 " 

1 Mt f i rawood & waste 

0.95 " 

1000 

gas 

0.83 " 




-do- blast furnace 

gas 

0.18 " 
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TABLE 5-18 
MADRAS 1960/1 

TOTAL INTERNAL FINAL ENEROY CONSUMPTION BROKEN DO*N BY SECTORS OF CONSUMPTION & SOURCE OF ENEROY 

(In Billion tonnes of coal replacement )*** 

Coking Non- Coke Soft Total 

Coal Coking excluding Coke Oil 

Coal Soft Coke Products 


TOTAL TRANSPORTATION of which 
Road and tramways 
Rai iroads 
Waterways 

Ai r 

TOTAL INDUSTRY of which 

Iron & Stee I 
Fertilizer ) 

Heavy Chemicals) 

Structural Clay Products 
Cement 

Mining & Quarrying 
Non-ferrous 
TextiIss 
Other 

TOTAL OTHER SECTORS of which 
Agr iculture 
Contest ic 
Commerc ■ a t 
Government 
Other 

CONSUMPTION BY THE ENERGY SECTOR & LOSSES 


TOTAL INTERNAL FINAL CONSUMPTION 


0.07 

0.62 



1.50 

0.07 

0.82 






0.44 

0.02 


0. 

30 

i 


0.01 

0.02 



1 


0.06 

0.32 






0.01 

0.04 






0.01 


0.02 

1.17 


0.01 


0.02 

0.11 

1 .06 


0.01 





0.07 

1 .27 

0.02 

0.02 

3. 

26 


(•••) The factors used for oil products, dung and firewood are replacement ratios expressing the amount of coal needed 
to substitute their final use taking account of relative efficiencies involved in typical cases of substitution. 

The factors for coke and gas are purely technical conversion factors permitting the expression of final consumption 
of these fuels in terms of the primary input of coal actually needed. The replacement factor used for fina 
electricity consumption permits Its expression in terms of the amount of coal that would have been needed if no 
hydel or oil generation were available. 


364 


Blast 

Coke Oven 

Elec¬ 

Total 

Dung 

Fire¬ 

Waste 

Total Non- 

Total 

Interna 1 

Furnace 

t Gas Work 

tri¬ 

Commercial 

(dry ) 

wood 

Pro¬ 

cornme rcia 1 

Final 

Consump- 

Gas 

Gas 

city 

Sources of 



ducts 

Energy 

t ion 


Energy 


0.05 2.44 2.44 

0.05 

0.96 2.01 2.01 


0.03 

0.12 

0.25 

0.50 


0.76 

1.96 

1.2 

0.39 

0.50 


0.16 

1 .24 

1.2 

0.16 

0.16 


0.05 

0.06 




1 

.77 

6.41 1.2 

Conversion and replacement 

factors 

used are : 

1 lit 

soft coke 


1 .5 Mt CR 

1 Mt 

coke other than soft 

coke 

1.13 " 

1 Mt 

1000 

oi 1 products 

9 3 

million <10 ) m manufactured 

6.50 ” 

gas 0.83 " 


-do- blast 

f urnace 

gas 0.18 " 


6.8 

2.1 

10.1 

12.00 

6 . B 

2.1 




6.8 

2.1 

10.1 

16.51 


ID 9 

kWh electricity (TWh) 

1 Mt CR 


1 Mt 

dry dung 

0.4 " 


1 Mt 

firewood & waste 

0.95 " 
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TABLE 5-18 
MAHARASHTRA 1860/1 

TOTAL INTERNAL FINAL ENERGV CONSUMPTION BROKEN DOWN BY SECTORS OF CONSUMPTION AND SOURCE OF EtCRGY 

(In million tonnes of coal replacement)*** 

Coking Nan- Coke Soft Total 

Coal Coking excluding Coke Oil 

Coal Soft Coke Products 


TOTAL TRANSPORTATION of which 

Road and tramways 
RaiI roads 
Wa terways 
Ai r 

TOTAL INDUSTRY of which 

Iron & Steel 
Fertilizer 
Heavy Chemical 
Structural Clay Products 
Cement 

Mining & Qua r rying 

Non-ferrous 

Textiles 

Other 

TOTAL OTHER SECTORS of which 

Agr icul ture 
Domestic 
Comma rcia I 
Government 
Other 

CONSUMPTION BY THE ENERGY SfeCTOR & LOSSES 


(***) The factors used for oil products, dung and firewood are replacement ratios expressing the amount of coal needed 
to substitute their final use taking account of relative efficiencies involved in typical cases of substitution. 

The factors for coke and gas are purely technical conversion factors permitting the expression of fina I consunptI on 
of these fuels in terms of the primary input of coal actually needed. The replacement factor used lor final 
electricity consumption permits its expression in terms of the amount of coal that would have been needed il no 
hydel or oil generation were available. 


0.14 

1.41 


2.73 

0.14 

1.41 




0.78 

0.06 

4.28 


0.06 

0.04 


0.01 

0.74 


0.05 

0.23 

3.00 


0.23 

0.33 

2.67 


0.05 

0.04 
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Blast Coke Ovsn 

Furnace S Gas Work 

Gas Gas 

Elec¬ 

tri¬ 

city 

Tota 1 

Comme rc i a 1 
Sources of 
Energy 

Dung 

(dry) 

Fire¬ 

wood 

Waste 

Pro¬ 

ducts 

Total Non- 
Comma rc i a 1 
Ene rgy 

Total Internal 
Final Consump- 
t ion 


0.36 

4.84 





4.64 


0.01 

0.35 








1.94 

7.08 





7.08 


0.07 








0.10 








0.01 








0.93 

0.83 







0. 02 

0.54 

3.84 

1.5 

10.0 

2.6 

14.1 

17.94 

0.02 

0.02 

0.26 

0.20 

0.08 

0.35 

3.18 

0.20 

0.11 

1.5 

10.0 

2.8 










0.04 

0.08 





0.08 

0.02 

2.88 

15.84 

1.5 

10.0 

2.8 

14.1 

29.74 

Conversion and replacement factors used are: 






1 Mt soft coke 



1.5 MtCR 


10 B 

kWh electricity 

(TWh) 1 Mt CR 

1 Mt coke other than 

sof t coke 


1.13 " 


1 Mt 

dry dung 

0.4 ” 

1 Mt oil products 



0.50 " 


1 Mt 

firewood & waste 0.95 " 

1000 million (1 0 9 ) m 

d manufactured gas 

0.83 '* 





-do- 

blast furnace gas 

0.18 " 
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TABLE 5-20 
MYSORE 1960/1 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTORS OF CONSUMPTION l SOURCE OF ENERGT 

(In million tonnes of coal replacement)*** 

Coking Non- Coke ax- Soft Total 

Coal Coking eluding Coke Oil 

Coal Soft Coke Product* 


TOTAL TRANSPORTATION of which 

Road and tramways 
RaiI roads 
Waterways 

Air 

TOTAL INDUSTRY of which 
Iron & StaaI 
Fertilizer 
Heavy Chemical 
Structural Clay Products 
Cement 

Mining t Quarrying 
Non-ferrous 
Text i las 
Others 

TOTAL OTHER SECTORS of which 

Agriculture 

Domestic 

Commercial 

Government 

Other 

CONSUMPTION BY THE ENERGY SECTOR t LOSSES 
TOTAL INTERNAL FINAL CONSUMPTION 


(***) 

The factor* usid for oil products, dung and firewood are replacement ratios expressing the amount of coal needed to substitute 
their final us* taking account of relative efficiencies involved in typical cases of substitution. The factors for coke and gar 
are purely technical conversion factors permitting the expression of final consumption of these fuels in terms of the primary 
input of coal actually needed. The replacement factor used for final electricity consumption permits its expression in terms 
of the amount of coal that would have been needed if no hydel or oil generation were available. 
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at t 

r nace 

s 

Coke 

Ovtn & 

Gat Vo Ik 
Gat 

Elec¬ 

tri¬ 

city 

Total 

Comma rcia 1 
Sources of 
Energy 

0 u ng Eire 

(dry) wood 

Waste 

Pr o - 
due t s 

Total Non- 
comme r c la 1 
Ene r gy 

Total 
Final 
t ion 

Internal 

Consump- 



0.01 

1. 31 




1 

.31 


0.01 


0.79 1.22 1.22 

0.28 

0.03 

0.08 

0.11 

0.07 

0.24 


0.20 

0.98 

1 .0 

8.6 

1 . 6 

9.2 

10.18 

0.03 

0.16 






0.08 

A A A 

0. 73 

1 .0 

6.6 

1 .6 




0. 08 


1.00 3.51 

1 . 0 

6.6 

1 . 6 

9.2 

71 


Conversion and replacement (actors 

used are: 






1 Mt soft coke 

1.5 

Mt CR 


1 0 9 kWh elect r i 

(TWh) 

1 Mt CR 

1 Mt coke other t han soft coke 

1.13 

Ji TV '1 


1 Mt dry dung 


0.4 ” 

1 Mt oil producis 

6.50 

* ♦ 


1 Mt f 1 rewood r. 

was te 

0.95 " 

1000 million (10 9 ) m 3 manufactured 

gas 0.83 






do blast furnace 

gas 0.18 

' ’ 
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TABLE 5-2l 
ORISSA 1960/1 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTORS OF CONSUMPTION l SOURCE OF ENERB' 

(In million tonnes of coal replacement)*** 

Coking Non- Coke ex- Soft Total 

Coal Coking eluding Coke Oil 

Coal Soft Coke Products 


TOTAL TRANSPORTATION of which 

0.01 

0.30 



0 . 

19 

Road and tramways 

Rai1 roads 

0.01 

0.30 





Waterways 

Ai r 







TOTAL INDUSTRY of which 


0.16 

0.36 


0 . 

07 

Iron t Steal 

Fertilizer ) 

Heavy Chemica1) 


0.01 

0.36 




Structural Clay Products 


0.05 





Cement 

Mining & Quarrying 

Non-ferrous 


0.08 





Texti las 


0.01 





Others 


0.01 





TOTAL OTHER SECTORS of which 




0.02 

0.26 

Agriculture 

Domestic 




0.02 

0 . 

26 

Comma rcia1 

Government 

Other 







CONSUMPTION BY THE ENERGY SECTOR & LOSSES 


0.04 





TOTAL INTERNAL FINAL CONSUMPTION 

0.01 

0.50 

0.36 

0.02 

0 . 

.52 


The factors used for oil products, dung and firewood are replacement ratios expressing the amount of coal needed to substitut 
their final use taking account of relative efficiencies involved in typical cases of substitution. The factors for coke and 
gas are purely technical conversion factors permitting the expression of final consumption of these fuels in terms of the 
primary input of coal actually needed. The replacement factor used for final electricity consumption permits its expression 
in terms of the amount of coal that would have been needed if no hydel or oil generation were available. 
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Blast 

Coke 

Elac- 

Tota 1 

Dung 

Fire¬ 

Baste 

Total Non¬ 

Total 

Internal 

Furnace 

Oven t 

t r i - 

Commercia1 

(dry) 

wood 

Pro¬ 

commercial 

Final 

Consump- 

Git 

Gas Dork 

ci t y 

Sources of 


ducts 

Ene rgy 

t ion 



Gas Energy 


0.50 


0.50 


0.06 

0.06 


o.u: 

0. I .’ 


0.71 

0.26 


1 .48 


1 .48 


0.04 

0.22 

0.17 


0.03 

0.31 

0.3 

7.4 

1.3 

8.0 

9.31 

0.02 

0 . 01 

0.30 

0.01 

0.3 

7.4 

1.3 




10 

0.02 0.01 0.17 






0.17 


IB 

0.14 0.75 2.48 

0 . 



1 .3 

9 

. 0 11.46 


Conversion and replacement factors 

used are: 




10 ® 



1 Mt 

soft coke 


1.5 

Mt CR 


kBh electricity (TWh) 

1 Mt CR 

1 Mt 

coke other than soft coke 


1.13 

It 


1 Mt 

dry dung 

0.4 ” 

1 Mt 

oil products 


8.50 

" 


1 Mt 

firewood & waste 

0.95" 

1000 

q 3 

million (10 ) m manufactured 

gas 

0.83 

»♦ 






-do- blast furnace 

gas 

0.18 

'* 
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TABLE 5-22 


PUNJAB*'" 1860/1 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DORN BY SECTORS OF CONSUMPTION & SOURCE OF ENERGY 

(In million tonnes of coal replacement)*** 


Coking 

Coal 


Non- Coke ex- Soft 
Coking eluding Coke 
Coal Soft Coke 


Total 
Oi I 

Products 


TOTAL TRANSPORTATION of which 

0.08 

0.74 



1 . 

43 

Road and tramways 







Rai1roads 

0.08 

0.74 





Waterways 







A i r 







TOTAL INDUSTRY of which 


0.76 

0.11 


0 . 

33 

Iron & Steel 



0.11 


| 


Fertilizer ) 


0.04 





Heavy Chemical > 





! 


Structural Clay Products 


0.21 





Cement 


0.15 





Mining & Quarrying 







Non-ferrous 







Text i las 


0.06 





Others 


0.30 





TOTAL OTHER SECTORS of which 


0.24 


0.47 

0 . 

91 

Agriculture 


0.08 



0 . 

19 

Domes tic 




0.47 

0 . 

72 

Commarc ial 







Gave rnment 


0 . 16 





CONSUMPTION BY THE ENERGY SECTOR S LOSSES 







TOTAL INTERNAL FINAL CONSUMPTION 

0 . 08 

1.74 

0.11 

0.47 

2 

.67 


1/ Includes Delhi & Himachal Pradesh. 

(***) The factors used for oil products, dung and firewood are replacement ratios expressing the amount ol coal needed to 
substitute their f i na I use taking account of relative efficiencies involved in typical cases of substitution. The 
factors for coke and gas are purely technical conversion factors permitting the expression ol final consumptian of 
these fuels in terms of the primary inout of coal actually needed. The replacement factor used for final electricity 
consumption permits its expression in terms of the amount of coal that would have been needed if no hydel or oil 
generation were available. 
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Blast 

Fur nace 
Gas 

Cone 

Oven & 

Gas Work 
Ga-, 

Elec¬ 

tri¬ 

city 

Tota 1 

Comma r cia 1 
Sources of 
Ene r £y 

Oung F i r e - 

(dry) wood 

Waste 

Pro¬ 

ducts 

Total Non- 
c omrie r c i a 1 
Energy 

Total 
Final 
t i on 

Internal 

Consump- 



0. 02 

2.27 




2 

.27 


0 . 02 


0.66 1.86 1.86 

0.05 
0. 08 

0.10 

0.43 


0.46 

2.08 

2.1 

5.1 

1 . 4 

8.6 

10.68 

0.08 

0.35 






0.17 

1 .36 

2.1 

5.1 

1 .4 



0.14 

0. 1 4 






0.07 

0.23 






1.14 

6.21 

2.1 

5.1 

1 .4 

8.6 

14.81 


Conversion and replacement factors used are: 


1 Mt 

sof t .oke 



1.5 M tCR 

10 9 

kWh electricity (TWh) 

1 Mt CR 

1 Mt 

coke othei than 

soft coke 


1.13 

1 Mt 

dry dung 

0.4 " 

1 Mt 

oil p;oduc t s 



6.50 

1 Mt 

firewood & waste 

0.95 " 

1 000 

m i II i in ( 1 0 9 ) 

m 3 manufactured 

gas 

0.83 





do 

hlast furnace 

gas 

0.18 
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TABLE 5-23 
RAJASTHAN I960 I 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN OOiN BY SECTORS OF CONSUMPTION t SOURCE OF ENEf 

(In million tonnes of coal replacement)*** 



Coki ng 
Coa 1 

Non- 
Coking 
Coa 1 

Coke ex¬ 
cluding 

Soft Coke 

Soft 

Coke 

Total 

Oi l 

Product 

TOTAL TRANSPORTATION of which 

0.08 

0.83 



0 . 

39 

Road and t ramways 







Rai 1 roads 

0.08 

0.83 





Raterways 







An 







TOTAL INOUSTRY of which 


0.34 

0.01 


0 . 

12 

Iron & Steel 



0.01 


1 


Fertilizer ) 


0.02 



1 


Heavy Chemical) 







Structural Clay Products 


0.01 





Cement 


0.24 





Mining & Qua r rying 







Non - ferrous 


0.01 





Textiles 


0.04 





Other 


0.03 





TOTAL OTHER SECTORS of which 


0.06 


0. 03 

0 

.40 

Agr iculture 


0.02 



0 

.07 

Domes tic 




0. 03 

0 

.33 

Commercial 







Gove rnment 


0.04 






Ot he r 

CONSUMPTION BY THE ENERGY SECTOR S LOSSES 

TOTAL INTERNAL FINAL CONSUMPTION 0.08 1.23 0.01 0.03 0.91 


(...) 

The (actors used lor oil products, dung and firewood are replacement ratio s expressing the amount of coal needed to subs t 1 1 c 
their final use taking account of relative efficiencies involved in typical cases ol substitution. The factors for coke and 
gas are purely technical conversion factors permitting the expression of final consumption of these fuels in terms of the 
primary input of coal actually needed. The replacement factor used for final electricity consumption permits its expression 
in terms of the amount of coal that would have been needed if no hydel or oil generation «eie available 
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Blast 

Coke 

Elec¬ 

Total 

Dung ire- 

Waste 

Total Non¬ 

Total 

Internal 

Furnace 

Oven & 

tri¬ 

Comme reia 1 

(dry) wood 

Pro¬ 

commercial 

Final 

Consump- 

Gas 

Gas Work 

city 

Sources of 


ducts 

Energy 

t ion 



Gas Energy 


0.02 1.32 1.32 

0.02 

0.15 0.62 0.62 


0.12 


0.02 

0.02 


0.07 

0.56 

0.9 

5.0 

1.5 

7.4 

7.96 


0.09 






0.02 

0.38 

0.9 

5.0 

1.5 



0 . 02 

0.02 






0.03 

0.07 






0.24 

2.50 

0.9 

5.0 

1 .5 

7.4 

9.90 


Conversion and replacement factors used are: 


1 Mt 

soft cone 



1.5 

MtCR 

10 9 kWh e lect r ic i ty (TWh) 

1 MtCR 

1 Mt 

coke other than 

sof t coke 


1.13 

ft 

1 Mt dry dung 

0.4 " 

1 Mt 

o i 1 products 

9 

million (10) 



6.50 

" 

1 Mt firewood and waste 

0.95 " 

1000 

m 3 manufactured 

gas 

0.83 

ft 




-do- 

blast furnace 

gas 

0.18 

it 
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TABLE 5-24 
UTTAR PRADESH 1960/1 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTORS OF CONSUMPTION 8 SOURCE OF ENERI 

(In nil I ion tonnes of coal replacement )••♦ 

Coking Non- Coke ex- Soft Total 

Coal Coking eluding Coke Oil 

Coal Soft Coka Products 


TOTAL TRANSPORTATION of which 

0.22 

2.48 



1 . 

17 

Road and tramways 

Ra i 1 roads 

0.22 

2.48 





Nate rways 

A i r 







TOTAL INDUSTRY of which 


1.00 

0.10 


0 . 

28 

1ron S Steel 

Fertilizer ) 

Heavy Chemical ) 


0.09 

0.10 


i 


Structural Clay Products 


0.28 





Cement 


0.07 





Mining & Quarrying 

Non-ferrous 

Text i las 


0.17 





Othe r 


0.39 





TOTAL OTHER SECTORS of which 


0.15 


0.24 

1 . 

43 

Agriculture 


0.07 



0 . 

26 

Domastic 

Commarcia 1 

Gove rnment 

Othe r 


0.08 


0.24 

1 . 

17 

CONSUMPTION BY THE ENERGY SECTOR £ LOSSES 







TOTAL INTERNAL FINAL CONSUMPTION 

0.22 

3.83 

0.10 

0.24 

2 . 

86 


(***) 

The factors used for oil products, dung and firewood are replacement ratios expressing the amount of coal needed to substitute 
their final use taking account of relative efficiencies involved in typical cases of substitution. The factors for coka and ga 
are purely technical conversion factors permitting the expression of final consumption of these fuels in terms of primary inpu 
of coal actually needed. The replacement factor used far final electricity consumption permits its expression in terms of the 
amount of coal that would have bean needed if no hydel or oil generation we re ava i lab I e. 
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Blast 

Coke 

Elec¬ 

Total 

Dung 

Fi re- 

Waste 

Total Non- 

Total 

Internal 

Furnace 

Oven & 

tri¬ 

Comme rcia 1 

(dry) 

wood 

Pro¬ 

comme rcia 1 

Final 

Consump- 

Gas 

Gas Work 

city 

Sources of 



ducts 

Energy 

t i on 



Gas Energy 


0.08 3.93 3.93 

0.06 


0.60 

0.01 


1 .96 


0. 03 
0.03 


0.16 

0.37 


0.47 

2.29 

5.8 

11 .6 

5.0 

22.4 

24.69 

0.20 

0.12 

0.08 

0.07 

0.53 

1 .53 

0.08 

0.15 

5.6 

11.8 

5.0 



1.13 

8.16 

5.8 

11.6 

5.0 

22.4 

30.58 


Conversion and replacement factors used are: 


1 Mt 

soft coke 


1.5 MtCR 

10 a kWh electricity (TWh) 

1 

1 Mt 

coke other than soft coke 


1.13 

1 Mt dry dung 

0 

1 Mt 

oil products 


6.50 

1 Mt firewood & waste 

0 

1000 

9 3 

million (10)0) manufactured 

fids 

0.83 




do- blast furnace 

gas 

0.18 " 




MtCR 
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TABLE 5-25 
VEST BENGAL 1960/1 

TOTAL INTERNAL FINAL ENERGY CONSUMPTION BROKEN DOWN BY SECTORS OF CONSUMPTION & SOURCE OF ENERGY 

(In million tonnes of coal replacement)'** 



Cok i ng 
Coa 1 

Non- 
Cok i ng 
Coa 1 

Coke ex¬ 
cluding 
Soft Coke 

Soft 

Coke 

Total 

Oil 

Products 

TOTAL TRANSPORTATION of which 

0.24 

1.74 



1.69 

Road and tramways 







Ra i 1 roads 

0.24 

1.50 





Waterways 


0.24 





Ai r 







TOTAL INDUSTRY of which 

0.76 

1.18 

1.12 


0.98 

Iron & Stee1 

0.76' ' 

1.12 




Fertilizer ) 


0.02 





Heavy Chemica1 ) 







Structural Clay Products 


0.14 





Cement 







Mining & Quarrying 







Non-ferrous 







Text i les 


0 . 06 





Other 


0.96 





TOTAL OTHER SECTORS of which 


0.22 


1.51 

1 .49 

Agricu1ture 





0 . 

13 

Oomestic 




1 .51 

1 .36 

Comma rcia 1 


0.07 





Gove rnment 


0.15 





Other 







CONSUMPTION BY THE ENERGY SECTOR & LOSSES 

0.03 

0.80 





TOTAL INTERNAL FINAL CONSUMPTION 

1.03 

3.94 

1.12 

1.51 

4, 

.18 


(I) Includes 0.13 million tonnes 

used for electricity generation 

(...) 

The factors used for oil products, dung and firewood are replacement ratios expressing the amount of coal needed to substitute 
their final use taking account of relative efficiencies involved in typical cases of substitution. The factors for coke and gas 
are purely technical conversion factors permitting the expression of final consumption of these fuels in terms of primary input 
of coal actually needed. The replacement factor used for final electricity consumption permits its expression in terms of the 
amount of coal that would have been needed if no hydel or oil generation were available. 
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Blast 

Coke 

Elec- 

Total 

Oung 

Fire¬ 

Waste 

Total Non- 

Total 

Interna 1 

Furnace 

Oven & 

tr i - 

Comma rc ia 1 

(dry) 

wood 

Pro¬ 

c ornate rc ia 1 

Final 

Consump- 

Gas 

Gas Work 

ci ty 

Sources of 



ducts 

Energy 

t i on 



Gas Energy 


0.20 3.87 3.87 

0.05 
0. 15 


0.35 

0.53 

2.09 

0.35 

0.53 

0.32 

0.13 

0.01 

0.09 

0.64 

0.91 


0.03 

0.75 


0.03 

0.35 
0.12 
0.12 
0.18 

0.26 

0.13 

0.12 

0.61 

0.69 

3. 16 


7.01 


4.00 

1 .2 

7.7 

2 

0.13 

3.25 

0.19 

0.27 

0 . 16 

1.2 

7.7 

2 

1.34 

16.22 

1.2 

7.7 

2 


7.01 


11.0 15.00 


1.34 

11.0 27.22 


10 9 kWh electricity (TWh) 
1 Mt dry dung 
1 Mt firewood & waste 


Conversion and replacement factors used are: 


I Mt soli coke 1.5 Mt CR 

1 Mt coke other than soft coke 1.13 

1 Mt oil products 8.50 ” 

9 3 

1000 million (10 ) m manufactured gas 0.83 

do- blast furnace gas 0.18 " 


1 MtCR 
0.4 " 
0.95" 
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TABLE 5-26 

FINAL TRENDS OF ENERGY CONSUMPTION IN DIFFERENT SECTORS 

ALL INDIA , , , 
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Total Energy Consumption 1 1 3.9 3.9 4.0 4.0 4.3 5.6 6.5 9.5 12.2 13.9 
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TABLE 5-27 

Energy Consumption in India by State in 1960/1 expressed in 
terms of primary sources (1) 

(In million tonnes of coal replacement) 


State 

Coa 1 

Oi 1 
(2) 

Hydro 

Power 

(3) 

Total 
Comme r - 
c i a 1 

Dung 

(dry) 

Fi re¬ 
wood 

Waste 

Pro¬ 

ducts 

Total 

Non-com¬ 

mercial 

Grand 

Total 

Andhra Pradesh 

2.4 

2.4 

0.7 

5.5 

1.6 

8.6 

2.5 

12.7 

18.2 

Assam 

0.7 3 (4) 

1.7 

- 

2.4 

0.2 

4.2 

0.9 

5.3 

7.7 

Bihar 

12.5 

2.6 

0.1 

15.2 

3.0 

6.8 

3.2 

13.0 

28.2 

Gujarat 

3.7 

2.9 

- 

6.6 

0.8 

5.7 

1.4 

7.9 

14.5 

Jammu S Kashini r . 

- 

0.1 

- 

0.1 

0.1 

0.1 

0.3 

0.5 

0.6 

Kerala 

0.2 

1.6 

0.5 

2.3 

0.4 

3.5 

1.2 

5.1 

7.4 

Maharashtra 

3.8 

10.4 

1.2 

15.4 

1.5 

10.0 

2.8 

14.T 

29.5 

Madhya Pradesh 

4.7 

1.7 

- 

6.4 

1.5 

8.2 

2 . 1 

9.8 

16.2 

Madras 

1.7 

3.3 

1.6 

6.6 

1.2 

6.8 

2.1 

10.1 

16.7 

Mysore 

0.7 

1.8 

0.9 

3.4 

1.0 

8.6 

1.6 

9.2 

12.6 

Or issa 

1 .5 

0.5 

0.4 

2.4 

0.3 

7.4 

1.3 

9.0 

11.4 

Punjab 

2. 2 (5) 

2.7 

0.9 (5) 

5.8 

2.1 

5.1 

1.4 

8.6 

14.4 

Rajasthan 

1.5 

0.9 

- 

2.4 

0.9 

5.0 

1.5 

7.4 

9.8 

Uttar Pradesh 

4. B 

2.9 

0.4 

JklJF 8 

5.8 

11.6 

5.0 

22.4 

30.5 

West Bengal 

9.5 

4.2 

0.1 

13.8 

1 .2 

7.7 

2.1 

11.0 

24.8 

All India 

49.9 

39.7 

6.8 

98.4 

21.6 

95.3 

29.2 

146.1 

242.5 


(f) Total internal consumption excluding international ocean going vassals 
(bunkers) and taking account of the balance of foreign trade and stock 
changes in primary and secondary forms of energy. 

(2) Coal replacement for oil is obtained by multiplying 

a) LOO consumption in power generation by 3 

b) Fuel oil consumption in power generation by 2. and 

c) Total internal final consumption excluding oil refineries 
consumption by 6.5 

(3) Hydro power coal replacement is obtained by deducting transmission and 
distribution losses at 12% from hydro generation to arrive at units sold 
and taking one million tonnes coal replacement per TWh (10 9 kWh) sold 

(4) Assam figures include Manipur, Tripura and NEFA. 

(5) Punjab figures include Himachal Pradesh and Delhi. 
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TABLE 5-26 


Contribution 

of tha 

various foras 

of priaary energy to 

tha total consunption 

of priaary 

energy 

in tha various States in India during 1960/1. 

( Parcantages ) 


Stata 

Coal 

Oi 1 

Hydro 

Power 

Other Non- 
coaaercia 1 

Foras 

Brand 

Total 

Andhra Pradtah 

13.2 

13.2 

3.9 

69.7 

100 

Aasaa 

6.1 

22.0 

- 

68.9 

100 

Bihar 

44.3 

6.2 

0.4 

48.1 

ICO 

Bujarat 

25.5 

20.0 

- 

54.5 

100 

Jaaau t Kaahnlr 

- 

16.6 

- 

83.4 

100 

Aarala 

2.7 

21.6 

6.8 

68.9 

100 

Madhya Pradaah 

29.0 

10.5 

- 

60.5 

100 

Madras 

10.2 

16.8 

6.6 

60.4 

100 

Maharasht ra 

12.8 

35.2 

4.1 

47.8 

100 

Mysora 

5.6 

14.3 

7.1 

73.0 

100 

Or itsa 

13.2 

4.4 

3.5 

78.6 

100 

Punjab 

12.2 

16.4 

8.5 

81.9 

100 

Rajasthan 

15.3 

9.2 

- 

75.5 

100 

Uttar Pradaah 

15.7 

9.5 

1.3 

73.5 

100 

Bast Banja 1 

38.2 

18.8 

0.4 

44.5 

100 

All India 

20.6 

16.4 

2.8 

60.2 

100 
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TABLE 5-29 

ENERGY CONSUMPTION IN INDIA BY STATE IN 19B0/I EXPRESSED IN TERMS OF 
INDIGENOUS PRIMARY SOURCES AND IMPORTS (1 ) 

(In million tonnes coal replacement) 
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TABLE 5-30 

FINAL CONSUMPTION OF VARIOUS FORMS OF ENERBY BY STATE IN 1860/1 (1 * 
(Million tonnes ot cost replecsaent) 
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(3) Figures represent consuaption in domestic sector. 
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ANNEX 6 

Basic Energy Statistics in Kilocalories 

COMt N T S 

A: INTRODUCTION 
H: TABLES 

'l’able 

No. 

6- 1. Production and uses of energy sources — All India — 1953/4 

6- 2. do- —do- 1954/5 

6- 3. do- — do- 1955/6 

6-4. do- —do -1956/7 

6- 5. do- — do- 1957/8 

6-6. do- —do - 1958/9 

6-7. do- —do - 1959'60 

6-8. do- —do - 1960/1 

6- 9. do- Andhra — 1960/T 

6-10. do--- Assam — 1960/1 

6-11. do ——- Bihar — 1960/1 

6-12. —-do- Gujarat — 1960/1 

6-13. do- J. & K. - 1960/1 

6-14. do- Kerala — 1960/1 

6-15. do- M.P, - 1960/1 

6-16. do- Madras — 1960/1 

6-17. -do- Maharashtra — 1960/T 

6-18. do- Mysore — 1960/T 

6-19. do- Orissa — 1960/1 

6-20. do- Punjab - 1960/1 

6-21. do- Rajasthan- 1960/1 

6-22. do- U.P. - 1960/1 

6-23. do- W. Bengal- 1960/1 

6-24. Energy consumption in India by primary source; 1953/4— 
1960/1 

6-25. Contribution of the various forms of primary energy to the 
total consumption of primary energy in India; 1953/4—1960/1 

6-26. Blnergy consumption in India by indigenous primury source 
and imports; 1953/4—1960/1 

6-27. Final consumption of the various forms of primary und 
secondary energy in India; 1953/4—1960/1 

6-28. Percentage of final consumption of the various forms of 
primary and secondary energy to the total final consumption 
in India; 1953/4-1960/1 
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A. INTRODUCTION (1) 

1. In the present Annex, the technically inter¬ 
ested reader will find the most important energy 
supply and consumption data, both past and future, 
expressed in a common energy unit. The main feature 
of the following tables, however, is the fact that all 
sources Imve been measured by their real energy con¬ 
tent. thus, the actual input or output of energy 
whether primary or secondary, is measured at all 
stages of production, transformation und consumption, 

2. For instance, whereas the figures for final 
consumption set out in the Report express the amount 
of primary energy needed in terms of one source of 
energy, namely coal, the final consumption figures 
of the following tables represent the net final con¬ 
sumption, excluding all transformation and distribu¬ 
tion losses. A kilowatt-hour is thus counted at 861 
kilocalories and the relevant amount of energy needed 
for its production and transmission appear under 
“Transformation” and “Losses of the Energy Sector”. 
Similarly coke and gas supplies to final consumers 
are measured at their actual heat value, the amounts 
of coal involved in their production appearing at 
another stage of the energy balance sheet. It should 
also be noted that, when measuring the uctual quan¬ 
tities of energy consumed at the final stage, no 
attempt has been made to estimate the efficiencies 
with which the various sources are ultimately used. 

3. Thus, the following tables are mainly intended 
to give a factual statement of the actual amounts of 
energy involved at each stage of supply, transforma¬ 
tion, transmission and consumption. Assuming that 
the basic statistics are right, the margins of error 
should be relatively small. A certain amount of esti¬ 
mation has been involved in determining the various 
heat values used for different grades of coal and the 
primary energy contained in the falling water has been 
measured by applying on average hydel power plant 
efficiency of 85 per cent. 

4. Since there is a fundamental difference of 
definition between the coal replacement and the 
energy content methods, the tables giving percentage 
contributions by different sources of energy cannot 
show the same figures. Whereas the coal replacement 
figures to a large extent reflect, on the primary side, 
relative efficiencies in transformation and consump¬ 
tion, the energy content figures slate the actual input 
of different sources at various stages of production, 
transformation and consumption. 

5. The kilocalorie has been chosen although it is 
recognised that it is not a perfect energy unit and 
that others might have been chosen, it is a convenient 
unit, since the heat values of fuels are commonly 

(I) I he following notes and tables have been 
adapted to conditions in India from Arinex-1 of the 
Report, “Towards a New Energy 1‘attern in Europe" 
by the Energy Advisory Commission of O.T.E.C., 
Paris , I960. 


known in kilocalories. When used to express total 
energy demand or supply, kilocalorie figures have the 
further advantage that they are not likely to be con¬ 
fused with figures relating to an individual source of 
energy, such as coal or electricity. The kilocalorie 
has, however, two demerits. The first is that to most 
readers it implies heat rather than energy in general. 
The second is that it is a very small unit; for the 
purpose of the India Energy Study a million million 
kilocalories (1000 Teal or lo'^keal) had to be used. 
This represents the energy content of about 100,000 
tonnes of petroleum fuels. 

6. The table below sets out the various heal 
values used in this Annex. Following common prac¬ 
tice, only one value has been assigned to liquid 
fuels. Indian coal constitutes a special problem and 
it has been thought best to get as close as possible 
to the actual quantities of energy involved by adopt¬ 
ing a series of values varying with product, sector of 
consumption and time. 

CALORIFIC VALUES ASSUMED FOR THE TABLES 
IN KILOCALORIES 

Coal 

Coal used in Metallurgical Coke Production: 

6640 keal/kg. 

Non-coking Coal used in Utility Power Plants: 

Past Years Forecast 

1955: 6040 k cal/kg 1965/6: 4850 keal/kg 

1956: 6000 “ 1970/1: 4500 “ 

1957/8: 5900 “ 1975/6: 4400 “ 

1958/9: 5910 “ 1980/1: 4350 “ 

1959/0: 5780 ” 

1960/1: 5660 “ 

1961/2: 5640 “ 

Non-coking Coal used in Final Consumption: 

1953: 6410 keal/kg 

1954: 6400 

1955: 6430 

1956: 6440 

1957/8: 6460 
1958/9: 6470 
1959/0: 6540 
1960/1: 6580 

Average Value applied for coal if no precise informa¬ 
tion available: 6440 keal/kg. 

Other Fuels 

Hard Coke .6100 keal/kg 

Soft Coke .. 5000 kcalAg 

Oil.10000 keal/kg 

Blast Furnace Can. 950 kcal/m3 

Coke Oven Gas. 4500 kcal/m3 

Gas Work Gas .. 4200 kcal/m^ 

Electricity. 861 kcal/kWh 

Power Alcohol. 4730 kcalAg 

Dry Dung .. 2400 kcalAg 

Firewood and Waste .. 4700 kcalAg 
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TABLE 6-1 

PRODUCTION AND USES OF ENERGY SOURCES - ALL INDIA - 1953/4 
10 u KILOCALORIES 




Non* 





Non* 

Meta 1- 

Metal* 

Total 


Aviation 


Coking 

lutgical 

1 jrgtcol 

Crude Oil 

Motor 

ond 


Coal 

Coke 

Coke 

Oil 6 Products* 

Spirit 

Jet Fuel 

HSDO 


3 4 5 

PRODUCTION 


6 7 8 9 

AND CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 


PRODUCTION. 

91.5 

144.6 

2.0 

NET BALANCE OF EXTERNAL TRADE . . . 

V 

-12.5 


BUNKERS... 


-2.6 


STOCK CHANGES. 

-S.8 

* 4.3 


TO 1AL CONSUMPTION. 

85.7 

133.8 

2.0 

QUANTITIES TRANSFORMED. 

■ - 33.2 

-33.9 

-2.0 

INTERNAL FINAL CONSUMPTION . 

52.5 

99.9 



R. SFCONOARY SOURCES OF ENERGY 

PRODUCTION . 

NEI BALANCE OF EXTERNAL TRADE 

BUNKERS. 

STOCK CHANGES. 

TOIAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION. . 

TOTAL INTERNAL FINAL CONSUMPTION 


52.5 


BREAKDOWN 


A CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 

of which Coal Min«s 8. Washenoi. 

Electric Power Plants* . 

Coh* Ovens. 

Oil Refineries & Field Operation 
Losses . 


4.6 

4.6 


99.9 

0 F 

6.6 

6.6 


13.2 

8.2 

2.0 

0.5 


0.2 

-0.2 

-0.1 

+ 34.8 

t 7.4 

+ 0.9 

+ 2.8 



-2.6 




-0.4 

-1.0 

♦ 0.6 

+ 0.2 


♦ 0.1 

12.6 

7.1 

34 .8 

8.1 

0.9 

3.1 

-3.7 


-0.7 




8.9 

7.1 

34.1 

8 1 

0.9 

3.1 

8.9 

7.1 

34.1 

8.1 

0.9 

3.1 

INTERNAL 

FINAL 

CONSUMPTION 


0.2 


0.2 


8. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION . 

of which Rood .■ • - 

Railroads .. 

Tramways.. . . . . 

Waterways. 

Air . 

INDUSTRY . 

of which Mining fi. Quarrying. 

Fertilizer . 

Heavy Chemicol . 

Structural Clay Products 

Cement. 

Iron and Steel . 

Non-ferrous.. . . . . 

Textiles . 

Other . 

AGRICULTURE .. 

DOMESTIC . 

COMMERCIAL . 

GOVERNMENT . 

OTHERS . 


33.4 


33.4 


14.5 


6.3 


9.2 


45.7 

44.2 

1.5 

42.5 


0.5 

7.2 

0.3 

34.5 

t.l 

0.9 

3.1 


8.9 

1.0 

7.9 


7.1 


11.7 

10.1 

0.1 

0.6 

0.9 

8.3 


2.1 

11.8 


8.1 

8.1 


0.9 


0.9 


2.1 

2.0 

0.1 


0.7 


0.3 


TOTAL INTERNAL. FINAL CONSUMPTION 


52.5 


99.9 


8.9 


7.1 


34.1 


8.1 


0.9 


3.1 


O) Energy content of the foiling water, assuming on overage efficiency of 85% 

(2) Of which, hydol production 2.5, thermal production 3.3 

(3) Purchuse from Non*Jt»l;t»es. MJ Sale to Utilities 

(5) Sole to other agencies excluding utilities, breakup of which is not available. 

(6) Only quantities needed for energy purposes. 

(7) For our purposes wc hove assumed production of non-commercioI fuels os equal to 
final consumption for energy purposes. 

Covering only losses in auxiliaries of power plant. The actual transformation 
losses can be calculated by the difference between input and output on hydel 
and thermal plont. 











































LDO Kerosene LPG 


10 11 12 


0.3 0.6 

*4.0 ♦ 11.4 

- 0.1 

- 0.1 - 0.1 
4.1 11.9 

-0.7 

3.4 11.9 

3.4 11.9 


2.0 0.1 

1 I 


Si.8 


3.4 11.9 


VopOr* Manufactured Go* Electricity Ngn-Comml. Energy 

izing 


Fuel 

Oil 

Oil & 
Ref. Fuel 

Blast 

Furnace 

Coke 

Oven 

Gos 

Works 

Utility 

Non- 

Utility 

Dung 

(Dry) 

Fire¬ 

wood 

Woste 

Products 

Grond 

Totol 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


2.9* 111.2’ 406.0’ 124.0’ 882.2 

-12.5 

- 2.6 

-1.5 


2.9 

111.2 

406.0 

124.0 

865.6 

2.9 

111.2 

406.0 

124.0 

-72.0 

793.6 


0.2 
t 7.9 
-2.5 
+ 0.5 
6.1 

6 1 
6.1 


0.6 


0.6 


5.5 


6.1 


0.2 
4 0.4 


0.6 

0 6 
0.6 


02 


0.2 


0.4 


0.6 


3.7 

3.5 

0.2 

3.7 

3.5 

0.2 

•0.6 

-0.1 


3.1 

3.4 

0.2 

3.1 

3.4 

0.2 

0.9 

0.7 


0.7 

0.1 


02 

0.6 



2.2 2.7 


2.2 2.7 


0.2 


3.1 3.4 0.2 


5.8 2 1.8 

+ o.r -o.i* 


5.9 1.7 

5.9 1.7 

5.9 1.7 


1.3 0.1 
0.2 0.1 
0.3 


0.8 


0.4 0.1 

0.4 0.1 


2.8 1 .4 

0.1 

0.2 


0.1 0.3 

0.1 0.3 

0.1 

1.3 0.3 

1.2 0.2 

0.2 
0.6 
0.3 
0.3 

0 . 1 3 

5.9 1.7 


111.2 


111.2 


111.2 


406.0 124.0 


406.0 124.0 


406.0 124.0 


38.4 

34.5 
- 2.6 
- 0.8 

69.5 
-5.1 
64.4 

858.0 


14.4 

11.5 
0.3 
0.8 
0.2 
1.6 


91.3 

10.1 

78.2 

2.1 

0.9 

83.3 

i 


3.4 

660.9 

1.2 

3.4 

0.1 

858.0 


Note: Quantity less than 5 x 10*° not shown 


k 


Value not yet isolated. 
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TABLE 6-2 

PRODUCTION AND USES OF ENERGY SOURCES - ALL INDIA - 1954/5 
10" KILOCALORIES 

Non- 

Non- Moral- Moral- Toral Avlotlon 

Coking Coking lurgicel lurgicol Crudo Oil Motor ond 

Cool Cool Coko Coko Oil 1 2 3 4 5 Product* 4 Spirit Jot Fuel HSDO 


I 2 


PROD 

A. PRIMARY sources of energy 

PRODUCTION. 90.1 151.8 

NET BALANCE OF EXTERNAL TRADE .... -11.9 

BUNKERS. -2.3 

STOCK CHANGES. -5.3 -2.3 

TOTAL CONSUMPTION. 84.8 135.3 

QUANTITIES TRANSFORMED. -35.8 -35.1 

INTERNAL FINAL CONSUMPTION . 49.0 1 00.2 


B SECONDARY SOURCES OF ENERGY 

PRODUCTION . 

NET BALANCE OF EXTERNAL TRADE .... 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED . 

INTERNAL FINAL CONSUMPTION. 

TOTAL INTERNAL FINAL CONSUMPTION . 49.0 100 2 

BREAKDOWN O 

A CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 4.5 6.9 

of which Cool Mlnee 8 . Waiherlei. 4 5 6 .9 

Electric Power Plante* . 

Coke Ovem. 

Oil Refineries 8 . Field Operation . . 

Losses . 


B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION . 32.3 43.5 

of which Road . 

Railroads. 32,3 41.7 

Ttomwoys. 

Waterways. |,8 

Air . 

INOUSTRY . 12.2 44.1 

of which Mining & Quorrying . 

Fertiliser . 

Hecvy Chemical . 

Structural Clay Products . 0.5 

Cement. 7.5 

Iron and Steel . 4.3 

Non ferrous . 0.3 

Tcstrles. 

Other. 7.9 35.8 

AGRICULTURE. 1.4 

DOMESTIC . 

COMMERCIAL. 0.3 

GOVERNMENT. 1.5 

OTHERS . 

TOTAL INTERNAL FINAL CONSUMPTION . 49 .Q 100.2 


3 4 5 6 7 8 9 

UCTION AND CONSUMPTION 

3.1 

11.7 


14.8 

-14.8 


14.8 

8.8 

14.8 

3.5 


1.4 

- 0.2 

- 0.1 

r 29.3 

*5.4 

1.0 

+ 27 



- 2.6 




-12 

-0.9 

-2.3 

-0.7 


-0.4 

13.4 

7.8 

39.2 

8.2 

1.0 

3.7 

-4.0 


- 0.8 




9.4 

7.8 

38.4 

8.2 

1.0 

3 7 

9.4 

7.8 

38.4 

8.2 

1.0 

3.7 


P INTERNAL FINAL CONSUMPTION 

2 3 


2.3 


12.4 8.2 1.0 2.6 

10.6 8.2 2.4 

0.2 0.2 

0.6 

1.0 1.0 

9.4 8.8 0.8 



2.2 0.3 

7.8 12.7 


9.4 7.8 38.4 8.2 1 0 3.7 


(1) Energy content of the falling water, assuming on overage efficiency of 85\. 

(2) Of which, hydel production 2.8, thermal production 3.7 

(3) Sole to other agencies excluding utilities, break-up of which is not ovoiloble. 

(4) Only quantities needed for energy purposes. 

( 5 ) For our purposes we hove assumed production of non-commercial fuels os equol 
to final consumption for energy uses only. 

* Covering only losses in auxiliaries of power plant. The actual transformation 
losses con be calculated by the difference between input and output on hydel 
ond thermal plont. 














































Vapor- 

'ling 

Oil & 

Ref. Fuel 

Manufactured Gos 

Electricity 

Non-Comml. Energy 


LOO 

Kerosene 

LPG 

Fuel 

Oil 

Blast 

Furnace 

Coke 

Oven 

Gas 

Works 

Utility 

Non- 

Utility 

Dung 

(Dry) 

Fire- Waste 

wood Products 

Grand 
Tota 1 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 22 

23 


3.3 1 

114.2 s 

412.0 s 

127.0 s 

901.5 

3.3 

114.2 

412.0 

127.0 

-0.2 

-2.3 

-7.6 

891.4 

*3.3 

114.2 

412.0 

127.0 

-89.0 

802.4 


1.3 

1.9 

4.3 

2.4 

4.0 

4.0 

0.2 

6.5 2 

1.8 




54.9 

t 3.2 

+11.3 

+ 5.3 

+ 0.4 









29.0 

-0.1 


-2.5 










-2.6 

-0.2 

-0.4 

-0.6 










-4.4 

4.2 

12.8 

6.5 

2.8 

4.0 

4.0 

0.2 

6.5 

1.8 




76.9 

-0.8 




-0.7 

-0.1 







-5.6 

3.4 

12.8 

6.5 

2.8 

3.3 

3.9 

0.2 

6.5 

1.8 




71.3 

3.4 

12.8 

6.5 

2.8 

3.3 

3.9 

0.2 

6.5 

1.8 

114.2 

412.0 

127.0 

873.7 


2.3 

0.7 

0.7 

1.3 

0.1 

16.5 




1 0-2 

0.1 

11.7 




* 0.3 


0.3 


0.5 

0.1 



0.6 

2.3 





2.3 


0.2 

0.6 

0.8 


1.6 


0.6 0.4 0.1 88.7 

10.6 

0.4 0.1 74.7 



0.5 0.2 3.8 



12.7 





0.2 

0.7 

0.4 

0.3 

0.1 s 

114.2 

412.0 

127,0 

674.6 

1.2 

3.8 

0.1 

3.4 

12.8 

6.5 

2.8 

3.3 

3.9 

0.2 

6.5 

1.8 

114.2 

412.0 

127.0 

873.7 


NOTE: Quantity lets than 5 x lO 10 not shown. 




Value not yet isolated. 
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TABLE 6-3 

PRODUCTION AND USES OF ENERGY SOURCES - ALL INDIA - 1955/6 
10 11 KILOCALORIES 


Non* 

Cokmg Coking 
C oo1 C ool 


1 2 

P R 

A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 89.4 161.0 

NET BALANCE OF EXTERNAL TRADE .... _ 10.2 

BUNKERS. -1.5 

STOCK CHANGES. -4.9 -7.9 

TOTAL CONSUMPTION. 84.5 141.4 

QUANTITIES TRANSFORMED. - 37.8 -38.4 

INTERNAL FINAL CONSUMPTION . 46.7 103.0 


B SECONDARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRADE .... 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION. 

TOTAL INTERNAL FINAL CONSUMPTION . 46.7 103.0 

BREAKDOWN 

A. CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 4.8 7.3 

of which Coal Mims & Woshiriis. 4.8 7.3 

Electric Powir Plonti* . 

Coke Ovens. 

Oil Refineries & Field Operation . . 

Loesee . 


B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION . 34.8 46.0 

of which Road . 

Railroads. 34.8 44.0 

Tramways. 

Waterways. 2.0 

Air . 

INDUSTRY . 7.1 43.4 

of which Mining & Quarrying. 

Fertiliser . 

Heavy Chemical . 0.1 

Structural Clay Products . 0.5 

Cement. 8.3 

Iron and Steel .. 2.9 

Non-ferrous. 0.4 

Textiles. 

Other. 4.2 34.1 

AGRICULTURE. 2.1 

DOMESTIC . 

COMMERCIAL. 0.8 

GOVERNMENT. 3.4 

OTHERS. 

TOTAL INTERNAL FINAL CONSUMPTION . 46.7 103.0 


Non- 

Metal* Metal- Total Aviation 

turgical lurgical Crude Oil Motor and 

Coke Coke Oil* Products* Spirit Jel Fuel HSDO 


3 4 5 6 7 8 9 

ODUCTION AND CONSUMPTION 

3.6 
30.0 

- 0.2 
33.4 
-33.4 


15.8 

9.1 

33.4 

8.4 


3.4 

- 0.1 

- 0.1 

♦15.2 

♦ 0.2 

1.2 

♦ 1.4 



-2.9 




- 1.0 

-0.5 

- 2.1 

- 0.1 


- 0.2 

14.7 

8.5 

43.6 

8.5 

1.2 

4.6 

-3.8 


- 0.8 




10.9 

8.5 

42.8 

6.5 

1.2 

4.6 

10.9 

8.5 

42.8 

8.5 

1.2 

4.6 


F INTERNAL FINAL CONSUMPTION 

3.2 


3.2 


13.6 8.5 1.2 3.3 

11.6 8.5 3.1 

0.2 0.2 

0.6 

1.2 1.2 

10.9 9.5 0.9 


9.7 


2.3 0.4 

8.5 14.2 


10.9 8.5 42.8 8.5 1.2 4.6 


(1) Energy content of the falling water, assuming an average efficiency of 85%. 

(2) Of which, hydel production 3.2, thermal production 4.1. 

(3) Sole to other agencies excluding utilities, breok-up of which is not available. 

(4) Only quantities needed for energy purposes. 

(5) For our purposes we have assumed production of non-commercial fuels os equal 
to final consumption for energy uses only. 

* Covering only losses in auxiliaries of power plant. The actual transformation 
losses can be colculoted by the difference between input and output on hydel 
and thermal plant. 










































Monufoctured Gas 


Elcctt icity 


Non-Comml. Energy 


Vapor¬ 
ising 

Fuel Oil & Blast Coke Gas Non- Dung Fire- Waste Grand 

LDO Kerosene LPG Oil Ref. Fuel Furnace Oven Works Utility Utility (Dry) wood Products Totol 


10 II 


27 4.7 

+ 2.0 + 10.6 

- 0.2 

- 0.2 - 1.0 

4.3 14.3 

- 0.8 

3.5 14.3 

3.5 14.3 


2.1 0.1 

4 4 


1.4 

14.2 


3.5 14.3 


12 


13 14 


11.0 3.2 

-0.7 +0.5 

-2.7 
- 0.6 

7.0 3.7 

7.0 3.7 


7.0 3.7 


3.2 


3.2 


0.6 


0.6 


64 


0.5 


7.0 3.7 


15 


3.8 


3.8 

-0.7 

3.1 

3.1 


0.8 


0.6 


0.2 


2.3 


2.3 


3.1 


16 

17 

18 

19 



3.8* 




3.8 

-3.8 


3.8 

0.2 

7.3* 

2.0 

3.8 

0.2 

7.3 

2.0 

3.8 

0.2 

7.3 

2.0 

3.8 

0.2 

7.3 

2.0 

0.8 


1.5 

0.1 

0.1 


0.2 

0.3 

0.1 

0.7 


1.0 




0.5 

0.1 



0.4 

0.1 

0.1 


3.0 

3.7 

1.7 


0.1 

0.3 


0.1 

0.1 


0.1 0.3 

0.3 0.3 

0.1 0.1 

1.5 0.3 

1.5 0.3 

0.2 
0.7 
0.4 
0.3 

0 . 1 * 

3.8 0.2 7.3 2.0 


3.0 


0.2 


20 

21 

22 

23 

117.3* 

417.0* 

130.0* 

922.1 

19.8 

-1.5 

-13.0 

117.3 

417.0 

130.0 

927.4 

-113.4 

117.3 

417.0 

130.0 

814.0 


75.4 

15.0 

-2.9 

-3.6 

83.9 

-S3 

78.6 

117.3 417.0 1 30.0 892.6 


18.5 

12.4 

0.3 

0.7 

3.2 

1.9 


95.0 

11.6 

79.5 
0.1 
2.6 
1.2 

81.6 


4.6 

117.3 417.0 130.0 687.9 

1.2 

3.7 

0.1 

1)7.3 417.0 1 30.0 892.6 


Note: Quantity less than 5 x 10 tt kcol not shown. 




Value not yet isolated. 
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TABLE 64 

PRODUCTION AND USES OF ENERGY SOURCES - ALL INDIA - 1956/7 
10 u KILOCALORIES 

Non- 

Non- Metol- Motet- Totol Aviation 


Coking Coking 

Coal Coal 


2 


P R 

A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 93.7 169.0 

NET BALANCE OF EXTERNAL TRADE .... -10.8 

BUNKERS. -1.5 

STOCK CHANGES. -4.1 - 1.1 

TOTAL CONSUMPTION. 89.6 149.0 

QUANTITIES TRANSFORMED. - 37.8 -40 0 

INTERNAL FINAL CONSUMPTION . 518 109 0 

B. SECONDARY SOURCES OF ENERGY 

PRODUCTION. 


NET BALANCE OF EXTERNAL TRADE .... 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION. 

TOTAL INTERNAL FINAL CONSUMPTION . 51,8 109.0 

BREAKDOWN O 

A. CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 4.8 7.7 

of which Coal Mine! & Washeries. 4.8 7.7 

Electric Power Plants* . 

Coke Ovens. 

Oil Refineries & Field Operation . . 

Lanes. 


B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION . 37.8 51.4 

of which Rood ... 

Railroads. 37.8 49.5 

Tramways. 

Waterways. 1.9 

Air ... 

INDUSTRY . 9.2 43.2 

of which Mining & Quarrying. 

Fertiliser .... 

Heavy Chemical .. 2.0 

Structural Clay Products . 9.8 

Cement. 9.3 

Iron and Steel . 4 ,j 

Non-ferrous ... - 0.2 

Textiles . 11.8 

Other. 5.1 10.1 

AGRICULTURE. 1.9 

DOMESTIC . 

COMMERCIAL . 0.7 

GOVERNMENT. 4.1 

OTHERS . 

TOTAL INTERNAL FINAL CONSUMPTION . 51.8 109.0 


lurgical lurglcal Crude Oil Motor ond 

Coke Coke Oil Products 1 2 3 4 5 Spirit Jet Fuel HSOO 

3 4 5 6 7 8 9 

ODUCTION AND CONSUMPTION 

4.1 

36.8 

t0.2 

41.1 

-41.1 


15.5 

9.1 

41.1 

9.8 


4.8 

- 0.1 

- 0.1 

t 11.0 

- 1.1 

+ 1.1 

+ 1.0 



-3.8 




- 1.2 

+ 0.6 

-0.7 

- 0.1 

+ 0.3 

+ 0.1 

14.2 

9.8 

47.6 

8.6 

1.4 

5.9 

-3 8 


- 1.1 




10.4 

9.8 

46.5 

8.6 

1.4 

5.9 

10.4 

9.8 

46.5 

8.6 

1.4 

5.9 


INTERNAL FINAL CONSUMPTION 

3.4 


3.1 


15.0 8.6 1.4 4.3 

12.6 8.6 4.0 

0.4 0.3 

0.6 

1.4 1.4 

10.4 10.2 1.0 



2.6 0.6 
9.8 15.3 


10.4 9.8 46.5 8.6 1.4 5.9 


(1) Energy content of the tailing water, assuming an average efficiency of 85%. 

(2) Of which, hydel production 3.7, thermal production 4,6. 

(3) Sale to other agencies excluding utilities, break-up of which is not avoiloble. 

(4) Only quantities needed lor energy purposes. 

(5) For our purposes we have assumed production cf non-commercial fuels os equal 
to final consumption lor energy uses only. 

* Covering only losses in auxiliaries of power plant. The actual transformation 
losses con be calculated by the difference between input and output on hydel 
and thermal plant. 












































LOO 

K«rot*n* 

LPG 

Fu*l 

Oil 

10 

It 

12 

13 


MorxHoctvrtd Gat 

it Cok« Gas 

c# Ov*n Work l 

16 17 


Electricity 

Non- 

Utility Utility 


Non-Comml. Energy 


Dung 

(Dry) 

Fire¬ 

wood 

Wg*t» 

Product* 

Grand 

T ota 1 

20 

21 

22 

23 

120.2* 

423.0* 

133.5* 

947.8 




26.0 




*1.5 




-11.6 

120.2 

423.0 

133.5 

960.7 
-123.2 

120.2 

423.0 

133.5 

837.5 


2.9 

5.6 

14.6 

3.4 

3.8 

3.6 

0.2 

8.3* 

2.0 

+ 2.2 

+ 9.9 

-2.5 

+ 0.4 






-0.3 


-3.5 







-0.3 


-0.8 

+ 0.1 






4.5 

15.5 

7.8 

3.9 

3.8 

3.6 

0.2 

8.3 

2.0 

-0.8 


-0.3 


-0.7 





3.7 

15.5 

7.5 

3.9 

3.1 

3.6 

0.2 

8.3 

2.0 

3.7 

15.5 

7.5 

3.9 

3.1 

3.6 

0.2 

8.3 

2.0 




3.4 

0.8 

0.7 


1.6 

0.1 








0.2 

0.1 








0.3 






0.5 

0.1 







3.4 










0.3 

0.6 


1.1 




0.7 





0.6 

0.1 



0.1 





0.5 

0.1 








0.1 




04 







2.2 

0.2 

6.8 


2.3 

2.9 


4.2 

1.7 


2.0 120.2 423.0 133.5 


423.0 1 33.5 


3.7 15.5 


7.5 3.? 3.1 3.6 


0.2 8.3 


Net*: Quantity last titan 5 * 10*° keel not shown. 

Valu* not yat isolated. 


2.0 120.2 423.0 1 33.5 



TABLE 6-5 

PRODUCTION AND USES OF ENERGY SOURCES - ALL INDIA - 1957/8 
10 u KILOCALORIES 

Non- 



Coking 

Cool 

Non- 

Coking 

Cool 

Metal¬ 

lurgical 

Coke 

Metal¬ 

lurgical 

Coke 

Crude 

Oil 5 

Totol 

Oil 

Products 

Motor 

5 Spirit 

Aviation 

and 

Jet Fuel 

HSDO 


i 

2 

3 

4 

5 

6 


7 

8 

9 



P R 0 D U C 

T 1 ON 

AND 

CONSUMPTION 




A. PRIMARY SOURCES OF ENERGY 












PRODUCTION. 

100.2 

186.6 



4.4 

0.3* 

0.3 




NET BALANCE OF EXTERNAL TRADE . . . . 


-10.9 



42.3 







BUNKERS . 


- 1.2 










STOCK CHANGES. 

-4.6 

- 2.6 



-0.3 







TOTAL CONSUMPTION. 

95.6 

171.9 



46.4 

0.3 

0.3 




QUANTITIES TRANSFORMED. 

-41.2 

-40.4 



-46.4 







INTERNAL FINAL CONSUMPTION . 

54.4 

131.5 




0.3 

0.3 




B SECONDARY SOURCES OF ENERGY 












PRODUCTION. 



16.4 

9.4 


46.4 

10.3 

0.1 

6.4 

NET BALANCE OF EXTERNAL TRADE . . . . 



- 0.2 

- 0.2 


11.2 

- 2.1 

+ 1.3 

♦ 1.2 

BUNKERS . 






-4.3 





STOCK CHANGES. 



-1.9 

+ 0.2 


-1.4 

- 0.1 

+ 0.3 

+ 0.1 

TOTAL CONSUMPTION. 



14.3 

9.4 


51.9 

8.1 

1.7 

7.7 

QUANTITIES TRANSFORMED. 



-4.0 



- 2.0 





INTERNAL FINAL CONSUMPTION. 



10.3 

9.4 


49.9 

8.1 

1.7 

7.7 

TOTAL INTERNAL FINAL CONSUMPTION . 

S4.4 

131.5 

10.3 

9.4 


50.2 

8.4 

1.7 

7.7 

BREAKDOWN OF 

INTERNAL 

FINAL 

CONSUMPTION 


A. CONSUMPTION BY THE ENERGY 












SECTOR AND LOSSES. 

51 

8.7 




3.7 





of which Coal Mines & Washenes. 

S.lS 

P.7 










Electric Power Plants* . 












Coke Ov.ns. 












Oil Refineries & Field Operation . 






3.7 





Losses . 












B. CONSUMPTION BY OTHER SECTORS 












TRANSPORTATION . 

37.8 

57.9 




16.6 

8.4 

1.7 

5.7 

of which Road . . 






13.7 

8.4 


5.3 

Pailroods. 

37.8 

55.8 




0.5 



0.4 

Tramways. 












Woterwoys. 


2.1 




0.7 





Air . 






1.7 


1.7 



INDUSTRY . 

11.5 

59.6 

103 



11.1 



1 . 

2 

of which Mining & Quarrying. 












Fertiliser . 



1.2 









Heavy Chemicol. 


2.4 










Structurol Cloy Products . 


9.8 










Cement. 


11.3 










Iron ond Steel ... 

4.7 


9.1 









Non-ferrous . 


0.2 










Textiles . 


11.7 










Other . 

6.8 

24.2 










AGRICULTURE. 


1.8 




2.8 



0.8 

DOMESTIC . 




9.4 


16.0 





COMMERCIAL . 


0.6 










GOVERNMENT . 


2.9 










OTHERS . 












TOTAL INTERNAL FINAL CONSUMPTION . 

54.4 

131.5 

10.3 

9.4 


50.2 

8.4 

1.7 

7.7 


(1) Energy content of the foiling water, assuming an average efficiency of 85%. 

(2) Of which hydel production 4.4, Thermal production 5.5. 

(3) Sale to other agencies excluding utilities, break-up of which is not available. 

(4) This represents production of power alcohol which is a substitute fuel. 

(5) Only quantities needed for enerfly purposes. 

( 6 ) For our purposes we hove assumed production of non-commercial fuels as equal to fuel consumption for energy uses only. 
* Covering only losses in auxiliaries of power plant. The actual transformation tosses con be calculated by the difference 

kaiiu^n mn.it And nutnut An Kvd• I and thermal alant. 












































Manufactured Gas 


Electricity 


Non-Comml. Energy 


Vapor- 


LDO 

Kerosene 

LPG 

Fuel 

Oil 

izmg 

Oil & 

Ref. Fuel 

Blast 

Furnace 

Coke 

Oven 

Gas. 

Works 

Utility 

Non- 

Utility 

Dung 

(Dry) 

Fire* 

wood 

Waste 

Products 

Grand 

T ota 1 

' 10 

u 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 









5.1* 


1 23.5 s 

429.9'’ 

137.0 6 

987.0 













31.4 













-1.2 













- 7.5 








5.1 


123.5 

429.9 

137.0 

1009.7 








-5.1 





-133.1 










123.5 

429.9 

137.0 

876.6 

3.6 

6.2 

16.0 

3.8 

4.0 

3.8 

0.2 

9.9 J 

2.0 




92.1 

+ 1.5 

+ 10.7 

-1.8 

+ 0.4 









10.8 

-0.4 


-3.9 










- 4.3 


-0.7 

-1.0 










-3.1 

4.7 

16.2 

9.3 

4.2 

4.0 

3.8 

0.2 

9.9 

2.0 




95.5 

-0.8 


-1.2 


-0.6 








-6.6 

3.9 

16.2 

8.1 

4.2 

3.4 

3.8 

0.2 

9.9 

2.0 




88.9 

3.9 

16.2 

8.1 

4.2 

3.4 

3.8 

0.2 

9.9 

2.0 

123.5 

429.9 

137.0 

965.5 


0.1 


0.1 

2.3 0.2 


1.5 

16.0 


3.9 16.2 


3.7 1.1 

0.7 

3.7 

0.4 

0.7 

0.1 

0.6 


0.8 

1.9 


0.2 


0.4 

0.1 


0.7 

1.3 


0.6 

0.5 

0.1 


0.1 

0.1 


0.1 

0.1 


7..4 


2.3 3.0 


5.0 1.7 

0.1 

0.1 0.2 

0.1 0.1 


21.4 

14.1 

0.4 

0.8 

3.7 

2.4 


1 13.0 

13.7 

94.7 
0.1 
2.8 
1 .7 

104.5 


0.2 

2.3 3.0 0.5 

0.1 

1.7 

2.2 

0.5 0.5 

0.2 1.0 
0.5 
0.4 


8.1 4.2 3.4 3.8 0.2 9.9 


0.4 

0.3 

0.1 

0.3 

0.3 

5.1 

123.5 429.9 137.0 717.0 

1.1 
3,3 

0 . 1 3 0.1 
2.0 123.5 429.9 1 37.0 965.5 


Note: - Quantity less than 5 x 10 10 


kcal not shown 


t 


Value 


nut yet isolated. 
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SECONDARY SOURCES OF ENERGY 

PRODUCTION. 

NEI BALANCE OF EXTERNAL TRADE 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMP1 ION. 

QUANTITIES TRANSFORMED. 

INI FRNAl. FINAL CONSUMPTION- . . . 


TOTAL INTERNAL FINAL CONSUMPTION 


TABLE 6-6 

PRODUCTION AND USES OF ENERGY SOURCES - ALL INDIA - 1958/9 
10“ KILOCALORIES 

Non- 


PRIMARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRADE . . 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

IN TLRNAL FINAL CONSUMPTION . 


A, CONSUMPTION EY THE ENERGY 

SECTOR AND l OSSFS. 

of which Coa' Mines & Washeries. 

Electric Power Plants* . 

Coke Ovens . 

Oil Refineries 8. Field Operation 
Losses . 



Non- 

Metal- 

Metal- 


Total 


Aviation 


Cokinq 

Coking 

lurgica1 

lurgicol 

Crude 

Oil 

Motor 

and 


Coal 

Coal 

Coke 

Cake 

Oil 5 

Kroducts w 

Spirit 

Jet Fuel 

HSDO 

i 

2 

3 

4 

5 

6 

7 

8 

9 

PRODUCTION 

AND 

CONSUMPTION 



99.8 

200.5 



4.5 

0.3 1 

0.3 




-10.8 



44.4 






-0.9 








-4.7 

-3.9 








95.1 

184.9 



48.9 

0.3 

0.3 



-48.0 

- 45.4 



- 4R.9 





47.1 

139.5 




0.3 

0.3 





20.3 

10.2 


48.9 

9.7 


8.1 



-0.2 

-0.2 


+ 12.4 

-2.0 

+ 1.2 

+ 2.0 






-4.1 






-0.6 

+ 0.3 


- 1.8 


+ 0.7 

1 

O 

o 



19.5 

10.3 


55.4 

7.7 

1.9 

9.5 



-5.0 



-2.5 






14.5 

10.3 


52.9 

7.7 

1.9 

9.5 

47.1 

139.5 

14.5 

10.3 


53.2 

8.0 

1.9 

9.5 

DOWN 

O F 

1 N T E 

R N A L 

FINAL CO 

N S U M 

P T 1 O N 

5.1 

8.2 




3.4 





5.1 


S.2 


3.4 


B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION . 

of which Road . 

Railroads. 

Tramways. 

Waterways. 

Air . 

INDUSTRY . 

of which Mining & Quarrying .... 

Fertilizer . 

Heavy Chemical. 

Structural Clay Products 

Cement. 

Iron and Steel . 

Non-ferrous. 

Textiles . 

Other . 

AGRICULTURE. 

DOMESTIC . 

COMMERCIAL . 

GOVERNMENT . 

OTHERS . 


30.3 

30.3 

11.7 


5.9 


5.8 


TOTAL INTERNAL FINAL CONSUMPTION 


47.1 


65.9 

63.6 
2.3 

58.6 


2.3 

12.6 

11.3 

0.3 

11.4 
20.7 

2.7 

0.6 

3.5 


139.5 


14.5 

1.2 

13.3 


U.5 


10.3 


10.3 


17.9 

14.6 

0.6 

0.8 

1.9 

12.4 


3.0 

16.5 


53.2 


8.0 

8.0 


1.9 


1.9 


7.2 

6.6 

0.5 

0.1 

1.4 


0.9 


8.0 


1.9 


9.5 


(1) Energy content of the falling water, assuming on average efficiency of 85%. 

(2) Of which hydel production 5.0, Thermal production 6.2 

(3) Sale to other agencies excluding utilities, break-up of which is not available. 

(4) This represents production of power alcohol which is a substitute fuel. 

(5) Only quantifies needed for energy purposes. 

io) For our purposes we have assumed production of non-commerciol fuels as 
equal to final consumption for energy uses only. 

* Covering only losses in auxiliaries of power plant. The actual transformation 
losses can be calculated by the difference between input and output on hydel 
and thermal plant. 










































Vapor* Manufactured Gas Electricity Non-Comml. Energy 

ijing 





Fuel 

Oil & 

Blast 

Coke 

Gas 


N on- 

Dung 

F ire- 

Woste 

Grand 

LDO 

Kerosene 

LPG 

Oil 

Ref. Fuel 

Furnace 

Oven 

Works 

Utility 

Lift lity 

(Dry) 

wood 

Products 

T ota 1 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


4.4 6.7 

+ 1.0 +111 

- 0.2 

- 0.2 - 1.1 

5.0 16 7 

-0.9 

4.1 16.7 

4.1 16.7 


0.1 


0.1 

2.4 0.2 


1.6 

16.5 


4.1 16 7 


5.9 1 126.7'“ 436.0" 141.0* 1014.7 


33.6 

-0.9 

- 8.6 


5.9 

126.7 

436.0 

141.0 

1038.3 

5.9 

126.7 

436.0 

141.0 

-148.2 

890.6 


16.5 3.5 

-1.3 +0.4 

-3.9 
- 0.6 

10.7 3.9 

- 1.6 

9.1 3.9 

9.1 3.9 


3.4 


3.4 


0.7 

0.1 


0.6 


8.4 


0.5 


9.1 3.9 


5.0 

4.9 

0.3 

11.2 2 

2.2 

5.0 

-1.1 

4.9 

-0.1 

0.3 

11.2 

2.2 

3.9 

4.8 

0.3 

11.2 

2.2 

3.9 

4.8 

0.3 

11.2 

2.2 


1.4 

1.2 

2.2 

0.1 



0.2 

0.1 



0.5 


0.8 

0.1 



0.6 

1.1 

1.5 



0.6 

0.1 

0.5 

0.1 

0.1 



2.5 

3.6 


5.8 

1.8 




0.1 





0.3 

0.3 




0.1 

0.1 




0.2 

0.4 

2.5 

3.6 


0.5 

0.3 




0.2 

0.1 




1.8 

0.3 




2.6 

0.3 




0.5 




0.3 

1.0 





0.6 





0.5 

0.2’ 

3.9 

4.8 

0.3 

11.2 

2.2 


126.7 436.0 141.0 


126.7 436.0 141.0 


126.7 436.0 141.0 


103.0 

12.0 

-4.1 

- 2.1 

108.8 

-8.7 

100.1 

990.7 


21.6 

13.6 

0.5 

0.9 

3.4 

3.2 


114.8 
14.6 
95.1 

0.1 

3.1 

1.9 

110.9 


6.2 

731.8 

1.2 

4.0 

0.2 

990.7 


Note: Quantity less than 5 x 10*° heal not shown. 


^Value not yet isolated. 
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TABLE 6-7 

PRODUCTION AND USES OF ENERGY SOURCES - ALL INDIA 
10 n KILOCALORIES 

Non- 


1959/60 



Coking 

Coal 

Non- 
Cok in g 
Coal 

Metal¬ 

lurgical 

Coke 

Metal¬ 
lurgical Crude 

Coke Oil 1 2 3 4 5 6 

Total 

Oil 

Products 

Motor 

5 Spirit 

Aviation 

and 

Jet Fuel 

HSDO 


i 

2 

3 

4 5 

6 

7 

8 

9 



PRODUCTION AND 

CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 









PRODUCTION.. 

94.0 

216.3 


4.5 

0.2 

0.2' 



NET BALANCE OF EXTERNAL TRADE . . . . 


-8.8 


47.7 





BUNKERS . 


-0.9 







STOCK CHANGES. 

- 1.5 

- 17.1 


-0.4 





TOTAL CONSUMPTION. 

92.5 

189.5 


51.8 

0.2 

0.2 



QUANTITIES TRANSFORMED. 

-57.6 

-46.2 


■ - 51.8 





INTERNAL FINAL CONSUMPTION . 

34.9 

143.3 



0.2 

0.2 



B. SECONDARY SOURCES OF ENERGY 









PRODUCTION . 



26.9 

9.8 

51.8 

9.7 


9.8 

NET BALANCE OF EXTERNAL TRADE . . . . 



-0.2 

-0.2 

t 14.9 

-1.8 

+1.4 

+ 1.8 

BUNKERS . 





-3.7 




STOCK CHANGE5. 



-1.3 

t 0.3 

-1.9 

-0.1 

+0.9 

-0.6 

TOTAL CONSUMPTION. 



25.4 

9.9 

61.1 

7.8 

2.3 

11.0 

QUANTITIES TRANSFORMED. 



-7.5 


-3.4 




INTERNAL FINAL CONSUMPTION . 



17.9 

9.9 

57.7 

7.8 

2.3 

n.o 

TOTAL INTERNAL FINAL CONSUMPTION . 

34.9 

143.3 

17.9 

9.9 

57.9 

8.0 

2.3 

11.0 

BREAKDOWN OF 

INTERNAL FINAL 

CONSUMPTION 

A. CONSUMPTION BY THE ENERGY 









SECTOR AND LOSSES. 

4.8 A 

10.1 



3.0 




of which Coal Mines & Washeries. 

4.8 

10.1 








Electric Power Plants'* . 

Coke Ovens... 

Oil Refineries & Field Operation 
Losses . 


3.0 


B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION . 

of which Road . 

Railroads. 

Tramways. 

Waterways. 

Air . 

INDUSTRY . 

of which Mining & Quarrying. 

Fertiliser . 

Heavy Chemical . 

Structural Clay Products 

Cement.*. 

Iron and Steel .. . . 

Non-ferrous. 

Textiles . 

Other.. 

AGRICULTURE . 

DOMESTIC . 

COMMERCIAL . 

GOVERNMENT . 

OTHERS . 


TOTAL INTERNAL FINAL CONSUMPTION 


25.9 

73.9 

25.9 

71.8 


2.1 

4.2 

52.9 


1.7 


11.9 


11.9 

2.9 

0.3 


11.2 

1.3 

15.9 


2.0 


0.5 


3.9 

34.9 

143.3 


17.9 

1.3 

16.6 


17.9 


9.9 


9.9 


19.6 

15.7 
0.7 

0.9 

2.3 

13.5 


3.1 

18.7 


57.9 


B.O 

8.0 


2.3 


2.3 


8.4 
7.7 
0.6 

0.1 

1.5 


1.1 


8.0 


2.3 


11.0 


(1) Energy content of the falling water, assuming an average efficiency of 35%, 

(2) Of which hydel production 6.0, Thermal production 6.9 

(3) Sale to other agencies excluding utilities, break-up of which is not available. 

(4) This represents production of power alcohol which is a substitute fuel. 

(5) Only quantities needed lor energy purposes. 

(6) For our purposes we have assumed production of non-commercial fuels as equal to 
final consumption for energy uses only. 

* Covering only losses in auxiliaries of power plant. The actual transformition 
losses can be calculated by the difference between input and output on hydel 
and thermal plant. 











































Vapor- Manufactured Gas Electricity Non-Comml. Energy 

■zing 


LDO 

Kerosene 

LPG 

Fuel 

Oil 

Oil & 

Ref. Fuel 

Blast 

Furnace 

Coke 

Oven 

Gas 

Works 

Utility 

N on- 
Utility 

Duno 

(Dry) 

F ire- 
wood 

Waste 

P ro ducts 

Grand 
Toto 1 

10 

n 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


7.1’ 

128.0 6 

452.0 fi 

142.0 6 

1 044.1 





38.9 





-0.9 





-1 9.0 

7.1 

128.0 

452.0 

142.0 

1063.1 

- 7.1 




-162.7 


128.0 

452.0 

142.0 

900.4 


4.8 

7.8 

0.1 

16.6 

3.0 

7.5 

6.7 

0.3 

12.9 2 

2.5 




118.4 

11.2 

+ 12.0 



+ 0.3 









14.5 

-0.2 



-3.5 










-3.7 

-0.2 

- 1.0 


-0.9 










-2.9 

5.6 

18.8 

D.l 

12.2 

3.3 

7.5 

6.7 

0.3 

12.9 

2.5 




126.3 

-1.0 



-2.4 


-1.6 

-0.5 







-13.0 

4.6 

18.8 

0.1 

9.8 

3.3 

5.9 

6.2 

0.3 

12.9 

2.5 




113.3 

4.6 

18.8 

0.1 

9.8 

3.3 

5.9 

6.2 

0.3 

12.9 

2.5 

128.0 

452.0 

142.0 

1013.7 





3.0 

2.2 

1.3 





1.2 

0.1 




3.0 

1.0 

1.2 

0.1 


0.8 






0.1 




0.1 


0.7 




2.8 

0.2 

9.0 


3.7 

4.9 





3.7 

4.9 


1.7 0.3 

18.6 0.1 


4.6 18.8 0.1 9.8 3.3 5.9 6.2 


2.5 0.1 24.0 

0.2 0.1 15.1 

0.5 0.5 

1.3 

0.1 3.1 

1.7 3.9 

0.6 0.1 120.1 

15.7 

0.5 0.1 99.0 

0.1 0.1 

3.0 

2.3 

6.8 2.1 106.0 

0.1 t 


0.1 0.3 

0.2 0.1 

0.3 0.4 

0.7 0.5 

0.3 0.1 

2.1 0.4 

3.0 0.3 



0.6 





5./ 

0.3 

1.2 


128.0 

452.0 

142.0 

7 52.1 


0.7 





1.2 


0.5 





4.4 



0.2 5 




0.2 

0.3 

12.9 

2.5 

128.0 

452.0 

142.0 

1013./ 


Note: — Quantity W-sx *han 5 x 10 l 


Ircal not shown. 


Value not et isolated. 



TABLE 6-8 

PRODUCTION AND USES OF ENERGY SOURCES - ALL INDIA - 1960/1 
10 u KILOCALORIES 

Non- 



Coking 

Coal 

Non- 

Coking 

Coal 

Metal- 
lurgico1 
Coke 

Metal¬ 

lurgical 

Coke 

Crude 

Oil 7 

Total 

Oil 

Products 7 

Motor 

Spirit 

Aviation 

and 

Jet Fuel 

HSDO 


i 

2 

3 

4 

5 

6 

7 

8 

9 


PRODUCTION AND CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 










PRODUCTION. 

103.2 

253.2 



4.6 

0.2‘ 

0.2 



NET BALANCE OF EXTERNAL TRADE .... 


-8.0 



52.3 





BUNKERS. 


-0./ 








STOCK CHANGES. 

-11.6 

-15.6 



-0.8 





TOTAL CONSUMPTION. 

91.6 

228.9 



56.1 

0.2 

0.2 



QUANTITIES TRANSFORMED. 

-63.4 

-57.0 



-56.1 





INTERNAL FINAL CONSUMPTION . 

28.2 

171.9 




0.2 

0.2 



B. SECONDARY SOURCES OF ENERGY 










PRODUCTION. 



31.8 

9.5 


56.1 

10.4 


10.8 

NET BALANCE OF EXTERNAL. TRADE .... 



-0.1 

- 0.1 


16.3 

-2.0 

2.1 

2.1 

BUNKERS . 






-4.4 




STOCK CHANGES. 



i 0.3 

-0.2 


-0.8 

-0.1 

0.7 

-0.4 

TOTAL CONSUMPTION. 



32.0 

9.2 


67.2 

8.3 

2.8 

12.5 

QUANTITIES TRANSFORMED. 



-11.7 



-3.9 




INTERNAL FINAL CONSUMPTION. 



20.3 

9.2 


63.3 

8.3 

2.8 

12.5 

TOTAL INTERNAL FINAL CONSUMPTION . 

28.2 

171.9 

20.3 

9.2 


63.5 

8.5 

2.8 

12.5 

BREAKDOWN 

0 F 

INTERNAL 

FINAL CONSUMPTION 


A. CONSUMPTION BY THE ENFRGY 










SECTOR AND LOSSES. 

5.4 

11.9 




3.4 




of which Coal Mines & Wosheries. 

5.4 

11.9 








Electric Power Plants* . 










Coke Ovens . 










Oil Refineries & Field Operation . . 






3.4 




Losses . 










B. CONSUMPTION BY OTHER SECTORS 










TRANSPORTATION . 

8.8 

97.3 




21.8 

8.5 

2.8 

9.6 

of which Road . 






17.4 

8.5 


8.9 

Railroads. 

8.8 

94.3 




0.7 



0.6 

Tramways. 










Waterways. 


3.0 




0.9 



0.1 

Air . 






2.8 


2.8 


INDUSTRY . 

14.0 

57.0 

20.3 



15.2 



1.8 

of which Mining & Quarrying. 


0.1 




0.2 



0.1 

Fertil izer . 



1.3 







Heavy Chemical . 


2.3 




0.7 




Structuro 1 Cloy Products . 


6.9 




0.5 



0.1 

Cement. 


15.0 




0.3 



0.1 

Iron ond Steel . 

8,7 


19.0 



0.6 




Non-ferrous. 


0.3 








Textiles . 


12.0 




4.4 



0.3 

Other . 

5.3 

20.4 




8.5 



1.2 

AGRICULTURE. 


1.2 




3.2 



1.1 

DOMESTIC . 


0.1 


9.2 


19.9 




COMMERCIAL . 


0.4 








GOVERNMENT . 


4.0 








OTHERS. 










TOTAL INTERNAL FINAL CONSUMPTION . 

28.2 

171.9 

20.3 

9.2 


63.5 

8.5 

2.8 

12.5 


(1) Fnergy content of the falling water assuming an average efficiency of 85*%. 

(2) Of which hydel production 6.7, thermal production 7.8. 

(3) Purchase from Non-utilities. {4) Sale to Utilities. 

(5) Sole to other agencies excluding utilities, break-up of which is not available. 

(6) This represents production of power alcohol which is a substitute fuel. 

(/) Only quantities needed for energy purposes. 

(8) For our purposes we hove assumed production of non-commerciol fuels 
os equal to final consumption for energy uses only. 

* Covering only losses in auxiliaries of power plant. The actual transformation 
losses can be calculated by the difference between input and output on hydel 
and thermal plant. 











































Manufactured Gas 


E fectricity 


Non*Comml. Energy 


Vapor- 


LDO 

Kerosene 

LPG 

Fuel 

Oil 

izing 

Oil & 

Ref. Fuel 

Blast 

Furnace 

Coke 

Oven 

Gas 

Works 

Utility 

N on- 
Utility 

Dung 

(Dry) 

F ire- 
wood 

Waste 

Products 

Grci".i 

T 11.: : 

10 

n 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

2 3 










7.8* 


129.8* 

470.0 8 

1 44,0" 

1 1! 2 M 

4.1... 

. j. ; 









7.8 1 


129.8 

4 70.0 

144.0 

-??.:) 

1128 i 









-7.8 





-1 84 i 











129.8 

470.0 

144.0 

94.1,1 

5.3 

9.4 

0.1 

16.7 

3.4 

11.5 

9.8 

0.3 

14.5 2 

2.8 




1 3 6 7:1 

1.2 

11.5 


1.2 

0.2 




0.2 s 

-0.2 4 




!6.1 

-0.3 



-4.1 










- ,1.4 

-0.1 

-0.9 












- 0. / 

6.1 

20.0 

0.1 

13.8 

3.6 

11.5 

9.8 

0.3 

14.7 

2.6 




14?.:: 

-1.1 



-2.8 


-2.2 

-0.7 







- 1 8.5 

5.0 

20.0 

0.1 

11.0 

3.6 

9.3 

9.1 

0.3 

14.7 

2.6 




1 28.i: 

5.0 

20.0 

0.1 

11.0 

3.6 

9.3 

9.1 

0.3 

14.7 

2.6 

129.8 

470.0 

144.0 

1 072,7 






3.4 

3.5 

2£p5 


3.1 

0.1 




29.4 









0.2 

0.1 




1 7.6 









0.6 

Neg. 




0.6 






1.8 

0.2 







2.0 





3.4 




0.1 





3.5 






1.7 

1.8 


2.2 





7. ' 

0.1 



0.8 





0.7 

0.1 




128.7 














17.1 




0.1 





0.6 

0.1 




104.7 









0.1 





0.1 

0.1 



0.7 










3.9 














2.8 

3.0 

0.2 


10.2 


5.e 

7.1 


7.7 

2.2 




1 29 . .i 

0.1 








0.1 





0.4 









0.1 

0.3 




1.7 




0.7 





0.2 

0.1 




3.3 

0.1 



0.3 










7.4 

0.1 



0.1 





0.4 

0.4 




16.1 




0.6 


5.8 

/.! 


0.9 

0.6 




42.7 









0.3 

0.1 




0.7 

0.7 



3.4 





2.1 

0.3 




18.8 

2.0 

0.2 


5.1 





3.6 

0.4 




38.2 

1.9 




0.2 




0.7 





5.1 


19.8 

0.1 





0.3 

1.3 


129.8 

470.0 

144.0 

7 74.6 









0.7 





1 .1 









0.5 





A C 










0.2 s 




0.2 

5.0 

20.0 

0.1 

11.0 

3.6 

9.3 

9.1 

0.3 

14.7 

2.6 

129.8 

470.0 

144.0 

1 077.9 


Note'. - Quantity less than 5 x 10'° kcal not shown. 
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TABLE 6-9 

PRODUCTION AND USES OF ENERGY SOURCES - ANDHRA PRADESH - 1960/1 

10 11 KILOCALORIES 


Coking 

Cool 


Non- 

Cok'ng 

Coal 


Metal- 
lurg ico I 
Coke 


Non- 

Metal* 

lurgical 

Coke 


Total Aviation 

Crude Oil Motor ond 

Oil Products Spirit Jet Fuel 


HSDO 


1 2 3 4 5 6 7 8 9 

PRODUCTION AND CONSUMPTION 


A. PRIMARY SOURCES Or ENERGY 

PRODUCTION. 16 61 

NET BALANCE OF EXTERNAL TRADE ... . , Q 33 - 1.29 

BUNKERS. -0.26 

STOCK CHANGES. -0.07 

TOTAL CONSUMPTION. 0 33 14 99 

QUANTITIES TRANSFORMED. -1 64 

INTERNAL FINAL CONSUMPTION . 0.33 13 35 


B StCONDARYSOURCES OF FNFRGY 


PRODUCTION . 



9.00 

NET BALANCF OT EXTERNAL TRADE - . . 


+ 0.06 

-3.90 

BUNKERS . 



*0.92 

STOCK CHANGES. 



'0.20 

TOTAL CONSUMPTION. 


0.06 

3.98 

QUANTITIES TRANS! ORMED. 




INTERNAL FINAL CONSUMPTION. 


0.06 

3.98 

IOIAL INTERNAI FINAL CONSUMPTION. 0.33 

13.35 

0.06 

3 98 

BREAKDOWN 

O F 

INTERNAL 

FINAL 

A CONSUMPTION BY IHL ENERGY 




SECTOR AND LOSSES. 

0.52 


0.40 

of which Coal Mines & Wosheries. 

0.52 



Electric. Power Plants. 




Coke Ovens . 




Oil Refineries & Field Operation . . 



0.40 

Losses . 




B. CONSUMPTION BY OTHER SECTORS 




1 RANSPORTATION. 0.33 

7.90 


1.52 

of which Road & Iromways . 



1.34 

Railroads . 0.33 

7 90 


0.04 

Waterways.. • 



0.03 

Air. 



0.11 

INDUSTRY . 

4.80 

0.06 

0.45 


0.40 0.11 1.09 

CONSUMPTION 


of which Mining & Quarrying . . . 

FprtilUer. 

Heavy Chemical 
Structural Clay Products 

Cement. 

Iron and Stee I. 

Non-ferrous . 

Textiles . 

Other . 

AGRICULTURE. 

DOMESTIC. . 

COMMERCIAL 

GOVERNMENT . 

OTHER SECTORS .. 


0 13 

0.20 
1 45 


0.79 

2.23 


0.13 


0.06 


0.20 

1.41 


0.40 
0 40 


0.11 


0.11 


0.98 

0.94 

0.04 


0.04 

I 


0.07 


TOTAL INTERNAL FINAL CONSUMPTION . 


0.33 


13.35 


0 06 


3.98 


0.40 


0.11 


1.09 


( 1 ) Enorqy content of falling water assumingan averageefficiency of 85% 

(2) Only quantities needed for energy purposes. 
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LDO Kerosene l.PG 


10 11 12 


t t 

0 30 1.40 



Vapor¬ 

Manufactured Gas 


E lectricity 

Non-Comml. Fuels 


Fuel 

izing 

Oil & 

Blast 

Coke 

Gas 


Non- 

Dung 

Fire- Waste 

Grand 

Oil 

Ref. Fuel 

Furnace 

Oven Works 

Utility 

Utility 

(Dry) 

wood Products 

Total 

13 

14 

15 

16 

17 

18 

19 

20 

21 22 

23 


0.76 1 

9.60 

42.30 

12 20 

81.47 





-0 96 





-0 26 





-0.07 

0 76 

9.60 

42 30 

12 20 

80.18 

-0.76 




-2 40 


9.60 

42.30 

12.20 

77.78 





0 77 

0 13 




9 90 




-0 10 





-3.94 









-0 92 









-0 20 




0 67 

0 13 




4.84 

l 



0.67 

0.13 




4 84 

27 

0.41 

0 67 

0.13 

9.60 

42.30 

12.20 

82 62 


0.17 


0 40 


0.40 


0 03 

0 03 
0 24 


0 19 

0 02 

0 01 
0 16 

0.01 

0.01 


0.04 
0 04 


0.31 0.06 


1 15 
0.56 
0.02 

0 41 
0 16 


9 76 
1.34 
8.28 
0.03 
0 11 
5.68 


t j 




0.04 



0.02 



0.04 

0 01 


0.21 

0.05 


0 13 


1 40 


0.01 


0 05 
0.06 
0.03 
0,02 


9.60 


42.30 


12.20 


0.03 


0.25 
65.57 
0.03 
0 15 
0.03 


0 30 1 40 


0.27 - 0.41 


0.67 0.13 9.60 42.30 12.20 82.62 


Quantity less than 5 x 


10 * kcal not shown. 


t + Values not possible to isolate and included in these figures 


409 




TABLE 6-10 

PRODUCTION AND USES OF ENERGY SOURCES - ASSAM - 1960/1 
10 13 KILOCALORIES 


Coking 

Coot 

Non- 
Coking 
Coa 1 

Metal¬ 

lurgical 

Coke 

Non- 
Meta 1- 
lurgicol 
Coke 

Crude 

Oil 3 

Tota I 

Oil 

Products 2 

Motor 

Spirit 

Aviation 

and 

Jet Fuel 

HSDO 

i 

2 

3 

4 

5 

6 

7 

8 

9 


PRODUCTION AND CONSUMPTION 

A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION . . . 

B, SECONDARYSOURCESOFENERGY 

PRODUCTION . 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION .... 

TOTAL INTERNAL FINAL CONSUMPTION. 4.42 0.06 ^ 2.90 0.60 0.07 0.28 

BREAKDOWN OF INTERNAL FINAL CONSUMPTION 

A. CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 0.20 0.30 

of which Cool Mines & Washeries. 0.20 

Electric Power Plants . 

Coke Ovens. 

Oil Refineries & Field Operation . . 0.30 

Losses . 

B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION. 

of which Road & Tramways. 

Railroads . 

Waterways. 

Air. 

INDUSTRY. 

of which Mining & Quarrying .... 

Fertiliser. 

Heavy Chemical . 

Structural Clay Products . 

Cement. 

Iron and Steel. 

Non-ferrous . 

Textiles . 

Other . 

AGRICULTURE . 

DOMESTIC. 

COMMERCIAL . 

GOVERNMENT . 

OTHER SECTORS. 

TOTAL INTERNAL FINAL CONSUMPTION. 4.42 0.06 2.90 0.60 0.07 0.28 

(1) Energy content of falling water assuming an average efficiency of 85%. 

(2) Only quantities needed for energy purposes. 




4.61 

4.60 

-0.26 

52.30 

+ 0.07 

-0.80 

4.42 

56.10 

4.42 

-56.10 
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Vapor- Manufactured Gos Electricity Non-C orr.ro i. Fuel 

i 2 ing 


LDO 

Kerosene 

LPG 

Fuel 

Oil 

Oil & 
Ref. Fuel 

Blast 

Furnace 

Coke 

Oven 

Gos 

Works 

Utility 

Non- 

Utility 

Dung 

(Dry) 

Fife- 

wood 

Waste 

Products 

Grand 
Tota 1 

10 

n 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 


0.02 1 

1.20 

20.70 

4.20 

35.33 

0.02 

1.20 

20.70 

4.20 

52.04 

-0,73 

86.64 

0.02 

1.20 

20.70 

4.20 

-56.12 

30.52 
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TABLE 6-11 

PRODUCTION AND USES OF ENERGY - BIHAR - 1960/1 
10“ KILOCALORIES 


A. PRIMARY SOURCES OF ENERGY 


Non- 

Coking Coking 

Cool Coal 


Metal¬ 
lurgical 1 2 3 
Coke 


Non- 

Metal- 

lurgical 

Coke 


Crude 

Oil 


Total 

Q'J /o\ 

Products'" 1 ' 


Motor 

Spirit 


Aviation 

and 

Jet Fuel HSDO 


2 3 4 5 6 7 8 

PRODUCTION AND CONSUMPTION 


PRODUCTION. 

98 70 

73.34 

NET BALANCE OF EXTERNAL TRADE . . . 
BUNKERS . 

. -40.90 

-29,60 

STOCK CHANGES. 

• -11.18 

-9.90 

TOTAL CONSUMPTION. 

46 62 

33.84 

QUANTITIES TRANSFORMED. 

. -31.87 

-15.53 

INTERNAL FINAL CONSUMPTION . 

14.75 

18,31 


9. SECONDARY SOURCES OF ENERGY 

PRODUCTION . 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION 


TOTAL INTERNAL FINAL CONSUMPTION 


14.75 


18 31 


BREAKDOWN 


CONSUMPTION BY THE ENERGY. 

SECTOR AND LOSSES. 

of which Cool Mines & Washerics. 

Electric Power Plants . 

Coke Ovens . 

Oil Refineries & Field Operation 
Losses. 


13,55 

8.20 




-2.44 

-7.50 

*4.20 



10.18 

-0.15 




11.29 

0 55 

4.20 



-4.09 


-0 19 


1 

7 20 

0.55 

4.01 



7.20 

0 55 

4.01 

0.53 

F INTERNAL 

FINAL 

CON 


5.20 

5.20 


3 30 
3.30 


0.02 


0.86 


B. CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION. 

1.55 

9.81 


1 

07 

of which Road & Tramways . 




0 61 

Railroads . 

1.55 

9.35 


0.43 

Waterways . 


0.46 


0.01 

Air. 




0.02 

INDUSTRY. 

8.00 

4.74 

7.20 

1 

16 

af which Mining & Quarrying. 


0.13 




Fertilizer . 



1 34 



Heovy Chemical . 






Structural Clay Products. 


0.46 




Cement.. . . . 


1.91 




Iron and Steel. 

2.70 


5.86 



Nan-ferrous. 


0.26 




Textiles. 






Other . 

5.30 

1.98 




AGRICULTURE . 


0.13 


0.13 

DOMF STIC. 



0.55 

1 . 

65 

COMMERCIAL. 






GOVERNMENT . 


0.33 




OTHER SECTORS . 






TOTAL INTERNAL FINAL CONSUMPTION . 

14.75 

18 31 

7.20 0.55 

4.01 


0 53 
0.53 


0.02 


0.02 


0.49 

0.08 

0.41 


0.30 


0.07 


0.53 


0.02 


0.86 


(1) Energy contentof falling water assuming an average efficiency of 85%. 

(2) 0.15 >s purchase fromnon-utilities and 0.39 is inter-state sales. 

(3) Only quantities needed for energy purposes . 
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Electricity 


Non-Comml. Fuels 


Vapor* Manufactured Gos 

izing 


LOO 

Kerosene 

LPG 

Fuel 

Oil 

Oil & 
Ref. Fuel 

Blast 

Furnace 

Coke 

Oven 

Gas 

Works 

Utility 

Non* 

Utility 

Dung 

(Dry) 

Fire* 

wood 

Waste 

Products 

Grand 
Toto 1 

10 

ii 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


t t 

0.19 t .63 


0.01 

0 01 

0.12 0.02 

I I 


t 

0.74 


0.02 




0.14 1 


18.00 

33.80 

15.30 

239.28 

-70.50 








-21.08 



0.14 


18.00 

33.80 

15.30 

147.70 



-0.14 


18.00 

33.00 

15.30 

-47.54 

100.16 

3.80 

3.46 

1.39 

0.91 




31.31 



( +0.15* ) 

-0.15 




-6 13 



( -0 3’ ) 





0.03 

3.80 

3.46 

1.15 

0.76 




25.21 

-0.35 







-4.63 

3 45 

3 46 

1.15 

0.76 




20.58 

3.45 


1.15 

0.76 

18.00 

33.80 

15.30 

120 74 



1.19 

1.10 

0.48 

0.05 

11.32 




0.10 

0.05 

8.65 




0.09 


0.09 


1 13 

0.09 



1.22 


0.06 

1.01 

0.29 


1.36 

0.02 



0.02 

0.01 

12.46 






0.61 

0.02 



0.02 

0.01 

11.36 






0 47 






0.02 

0.72 

1 

2.26 

2.36 

0.55 

0.70 

26.97 

i 


0.33 


2.26 2.36 


0.06 

1 63 0.02 


0.19 1.6b 0.74 0.02 3.45 3.46 


0.10 

0.12 






0.32 

0.21 






0.03 

0.02 







0.01 






0.10 

0.01 






0.02 





0.28 

0 04 


18.00 

33.80 

15.30 

69 34 

0.03 





0.03 

0.01 





0.34 

1.15 

0.76 

18.00 

33.80 

15.30 

120.74 


Quantity less than 5x10* kcol not shown, 
jjl 'jf Valuesnot possible to isolate and Included inthese figures. 
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TABLE 6-12 

PRODUCTION AND USES OF ENERGY SOURCES - GUJARAT - 1960/1 
10” KILOCALORIES 


Coking 

Non* 

Coking 

Metal¬ 

lurgical 

Non- 

Metal¬ 

lurgical 

Crude 

Total 

O) 1 /I K 

Products 

Motor 

Aviation 

and 


Cool 

Cool 

Coke 

Coke 

Oil 

Spirit 

Jet Fuel 

HSDO 


2 3 4 


5 6 


7 8 


PRODUCTION 


AND CONSUMPTION 


A. PRIMARY SOURCES OP ENERGY 

PRODUCTION. 

NET BALANCE Or EXTERNAL TRADE ... . ,013 (23.11 

BUNKERS . 

STOCK CHANC-i :>. 

TOTAL CONSUMPTION. 0 13 73.11 

OUANTITiES TRANSFORMED. -6.73 

INTERNAL FINAL CONSUMPTION . 0.13 16 38 



B. SECONDARY SOURCES OF FNERGY 

PRODUCTION . 

NET BALANCE OF EXTERNAL TRAOE 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANIITIES TRANSFORMED. 

INTFRNAL FINAL CONSUMPTION. 

TOTAL INTERNAL FINAL CONSUMPTION. 0 13 

BREAK 

A. CONSUMPTION BY THI ENERGY 

SECTOR AND LOSSES. 

of which Cool Mines 8 , Wosheries . .. 

Electric Power Plants. 

Coke Ovens . 

Oil Refineries & Field Operation . . 

Losses. 



+ 0 18 

+ 0.20 

+ 4.80 


0 18 

0.20 

4.80 




-0.37 


0.18 

0.20 

4.43 

16.38 

0 18 

0.20 

4 43 

DOWN 

O F 

INTERNAL 

FINAL 


t T 


t 


0.53 0.10 0 65 

CONSUMPTION 


B. CONSUMPTION RY OTHER SECTORS 


TRANSPORTATION. 0.13 7.26 

of which Rood & Tramways. 

Railroads .. 0.13 7.26 

Wotcrwoys .. 

Air. 

INDUSTRY. 905 

of which Mining & Quarrying. 

Fertilizer. 095 

Heavy Chemical . 

Structural Clay Product*;. 0-26 

Cement ... . 3.10 

Iron and Stec-1. 

Non-ferrcus . 

Textiles . ^ 

Other. 0.07 

AGRICULTURE . 

DOMESTIC. 

COMMERCIAL . 

government. 007 

OTHER SECTORS . 


1.13 0.53 0.10 0 50 

1.01 0.53 0.48 

0.02 0.02 

0.10 0.10 

0.18 1.36 0.05 

i I 


0.18 


0.41 010 

0.20 1.53 


TOTAL INTERNAL FINAL CONSUMPTION 


(I) Only quantities needed for energy purposes. 


16.38 0 18 


0.20 


4.43 0.53 0.10 


0.65 
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Vapor- Manufactured Gas Electricity Non-Comml. Fuel-; 

izing 


LDO 

Kerosene 

LPG 

Fuel 

Oil 

Oil & 

Ref. Fuel 

Blast 

Furnace 

Coke 

Oven 

Gas 

Works 

Utility 

Non- 

Utility 

Dung 

(Dry) 

F ire' 

wood 

Waste 

Products 

Grand 

T Ota i 

10 

n 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


4.80 28.20 7.00 40.00 

23.24 


4.80 

28.20 

7.00 

63.24 

-6.73 

4.80 

28.20 

7.00 

56.51 




UO 0.08 4.80 28.20 7.00 62.50 


415 



TABLE 6-13 

PRODUCTION AND USES OF ENERGY SOURCES - JAMMU & KASHMIR - 1960/1 




10' 1 

KILOCALORIES 




Coking 

Coal 

Non- 
Cok inq 
Coal 

Metal¬ 

lurgical 

Coke 

Non- 
Meta 1- 
lurgical 
Coke 

Crude 

Oil 

Totol 

Oil 

Products (2) 

Motor 

Spirit 

Aviation 

and 

Jet Fuel 

i 

2 

3 

4 

5 

6 

7 

8 


PRODUCTION AND CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION . 


B SECONDARY SOURCES OF ENERGY 

PRODUCTION . 

NET BALANCE OF EXTERNAL TRADE .... 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION. 

TOTAL INTERNAL FINAL CONSUMPTION. 

BREAKDOWN OF INTERNAL 

A. CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 

of which Cool Mines 8. Washeries . 

Electric Power Plants. 

Coke Ovens. 

Oil Refineries & Field Operation . 

Losses . 

B. CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION. 

of which Road & Tramways. 

Railroads . 

Waterways. 

Air. 

INDUSTRY. 

of which Mining & Quarrying. 

Fertilizer. 

Heavy Chemical . 

Structural Clay Products. 

Cement. 

Iron and Steel. 

Non-ferrous . 

Textiles. 

Other . 

AGRICULTURE . 

DOMESTIC. 

COMMERCIAL . 

GOVERNMENT . 

OTHER SECTORS. 


+ 0.22 


0.22 

0.22 U 


t 


0.22 0.05 0.02 0.10 

FINAL CONSUMPTION 


0.16 0.05 0.02 0.09 

0.14 0.05 0-09 


0.02 


0.02 


0.01 0.01 
0.05 


TOTAL INTERNAL FINAL CONSUMPTION . . . 


0.22 0.05 0.02 0.10 


(1) Energy content of foiling water assuming an average efficiency of 85%. 

(2) Only quantities needed for energy purposes. 
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) Kerosene 


11 


0 05 


0.05 


0.05 


Vapor* Manufactured Gas 

ir ing 


LPG 

Fuel 

Oil 

Oil & 

Ref. Fuel 

BTasf 

Furnace 

Coke 

Oven 

Gas 

Works 

12 

13 

14 

15 

16 

17 


E lectricity 

Non-Comml. 

Fuels 


Util ity 

N on- 
Utility 

Dung 

(Dry) 

F ire* 
wood 

W oste 
Products 

Grand 
T oto 1 

18 . 

19 

20 

21 

22 

23 

0 04 1 


0 50 

0.50 

1 40 

2 44 

0 04 


0.50 

050 

1 40 

2 44 

-0.04 





-0 04 



0 50 

0.50 

1.40 

2.40 

0 04 





0.04 

+ 0.01 





+ 0 23 

0 05 





0 27 

0 05 





0 27 

0 05 


0 50 

0.50 

1 40 

2 67 

0 . 0 ! 





0 01 


0 01 0 01 


0 lfc 
0 14 


0 0 ? 

0 02 0.02 


0.02 0 02 

0 01 

0 02 0.50 0.50 1.40 2 47 

0.05 0 50 0 50 1 40 2 67 

Values not possible to isolate and included in these figures. 

Quantity less than 5 x 10 9 heal not shown 
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TABLE 6-14 


PRODUCTION AND USES OF ENERGY SOURCES - 
10“ KILOCALORIES 

KERALA - 1960/1 


Coking 

Cool 

Non* 

Coking 

Coal 

Metal* 

lurgica 

Coke 

Non* 

Metal* 

1 iurgicol 

Coke 

Crude 

Oil 

Total 

Oil Motor 

Products 0) Spirit 

Aviation 

and 

Jet Fuel H$DO 

i 

2 

3 

4 

5 

6 7 

8 9 


PRODUCTION AND CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRADE ... . + 0.13 + 0.92 

BUNKERS . 

STOCK CHANGES . 

TOTAL CONSUMPTION. 0.13 0.92 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION . 0.13 0 92 


B SECONDARY SOURCES OF ENERGY 

PRODUCTION . . . 

NET BALANCE OF EXTERNAL TRADE +0.30 +3.30 

BUNKERS . -0.81 

STOCK CHANGES ... 

TOTAL CONSUMPTION . . 0.30 2.49 

QUANTITIES TRANSFORMED u w 

INTERNAL FINAL CONSUMPTION . 0.30 2.49 

TOTAL INTERNAL FINAL CONSUMPTION. 0.13 0.92 0.30 2.49 0.33 0.57 

BREAKDOWN OF INTERNAL FINAL C0NSUH 

A CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES . 

of which Coo! Mines & Wosheries. 

Electric Power Plonts. 

Coke Ovens. 

Oil Refineries & Field Operation 
Losses . 

B CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION 

0.13 

0.79 

0.95 

033 

0.47 

of which Rood & Tramways. 



0.78 

0.33 

0.45 

Rgilroods 

0.13 

0.79 

0.02 


0.02 

Waterways . 



0.1S 



An . 






INDUSTRY. 


0.13 0.30 

0 63 


0.02 


of which Mining & Quorrying 


Fertilizer. 

Heavy Chemical . . . 
Structural Cloy Products 


Cement . 0.07 

Iron and Steel . 0 30 

Non-ferrous . 

Textiles. 

Other. 0.06 

AGRICULTURE . O.'O 008 

DOMESTIC. 0.81 

COMMERCIAL . 

GOVERNMENT . 

OTHER SECTORS 


TOTAL INTERNAL FINAL CONSUMPTION . . . 0.13 C.92 0.30 2.49 0.33 0.51 


(1) Energy content of the falling water assuming on efficiency of 85%. 

(2) lnter*State sale. 

(3) Only quantities needed for energy purposes 
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Vopor* Manufactured Got Electricity Non*Comml. Fuels 

• ling 





Fuel 

Oil & 

Blast 

Coke 

Got 


Non* 

If 

Fire- 

Woste 

LOO 

Kerosene 

lpg 

O.l 

Ref. Fuel 

Furnoce 

Oven 

Works 

Utility 

Utility 

wood 

Products 

"To" 

ii 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 


0.59 1 2.40 17.40 6.10 


0.59 

2.40 

17.40 

6.10 

0.59 

2.40 

17.40 

6.10 


0.50 
+ 0.03* 

0.53 
0.53 

0.53 2.40 1 7.40 6.10 

0.11 
0.02 

0.09 

0.01 0.14 


0.06 0.80 

rioHS 


0.72 


0.01 


0.01 

0.14 

0.03 

0.58 

* 

1 


0.02 

0.80 0.01 


0.35 

0.06 

0.04 

0.01 

0.11 
0.01 
0.12 
0.02 

0.04 2.40 1 7.40 6.10 

0.01 


0.06 0.80 


0.72 0.01 


0.53 


2.40 1 7.40 6.10 


Quantity last than 5 m 10* teal not shown. 


Value* not possible to isolate and included in these figure*. 


Grond 
T oio I 


23 


26.49 
+ I 05 


27.54 

-0.59 

26.95 


0.50 

*3.63 

-0.81 

3.32 

3.32 

302? 


0.11 

0.02 


0.09 


1.87 

0.78 

0.94 

0.15 

1 .41 

I 


0.12 

26.75 

0.01 


30.27 
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TABLE 6-15 

PRODUCTION AND USES OF ENERGY SOURCES - MADHYA PRADESH - 1960/1 

10“ KILOCALORIES 


Cokmq 

Coal 


Non- 
Gokin g 
Coal 


M*tol- 
lorg tea I 
Coke 


Non* 

Metal* 

lurg ical 
Coke 


Total Aviation 

Crude Oil Motor ond 

Oil Products (3) Spirit Jet Fuel 


HSDO 


1 


2 3 4 5 6 7 8 9 


P R 

A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRAOE .... *8.57 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 8 57 

QUANTITIES TRANSFORMED. -6 78 

INTERNAL FINAL CONSUMPTION . 1.79 


ODUCTION AND CONSUMPTION 

43 37 
-18 70 

-2 84 
21 33 
-3 73 
18 10 


B SECONDARY SOURCES OF ENERGY 


PRODUCTION. 

NET BALANCE OF EXTERNAL TRADE . 


4 09 

*0 55 

+ 010 

♦2 68 

BUNKERS . 

STOCK CHANGES .. 

TOTAL CONSUMPTION. 


4 64 

0,10 

2.68 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION 


-1 83 

2 81 

0 10 

-0.10 

2.58 

TOTAL INTERNAL FINAL CONSUMPTION . 

1 79 

18.10 2.81 

0.10 

2.58 


BREAKDOWN OF INTERNAL FINAL 


A CONSUMPTION BY THE ENERGY 

SECTOR ANO LOSSES. 2 10 

of which Cool Mines 8. Washenes.. 210 

Electric Power Plants. 

Coho Ovens . 

Oil Refineries & F i®ld Operatidn 
Losses . . . 

B. CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION. 0 79 1 1.20 1.05 

of which Road & Tramways. 0 97 

RaiIroads . 0 79 11.20 

Waterways. 

Air. 0.08 

INDUSTRY. 100 4.67 2 81 0.29 


of which Mining 8> Quarrying 
Fertilizer 


Heavy Chemical 
Structural Clay Products 

Cement. 

Iron and Stee I. 


C.40 
1 78 

1 00 2 81 


Non -ferrous 


Textiles . 1.77 

Other . 0.72 

AGRICULTURE. 0.19 

DOMESTIC. 0.10 1 05 

COMMERCIAL . 

GOVERNMENT. 0.13 

OTHER SECTORS . 


* t 


t 


0 41 0 08 0 76 

CONSUMPTION 


0 41 0 08 0.56 

0.41 0.56 


0 08 

0.13 

I 


0.07 


TOTAL INTERNAL F INAL CONSUMPT ION 


1 79 18.10 2.81 0.10 


2 58 0 41 0.08 0 76 


(1) Energy content of thefalling water assumlraon average efficiency of 85% 

(2) Inter-State sole 

(3) Only quantifies needed for energy purposes. 
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Vopor- Monufoctured Gas Electricity Non»Comml. Fuels 

izing 





Fuel 

Oil & 

Blast 

Coke 

Gos 


N on* 

Dung 

F ire- 

Waste 

Grand 

LDO 

Kerosene 

LPG 

Oil 

Ref. Fuel 

Furnace 

Oven 

Works 

Utility 

Utility 

(Dry) 

wood 

Products 

T oto 1 

10 


12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


30 bO 10.30 




8 03 


8.90 

30 50 

10 30 

80 13 



-0.03 





-10 54 





8 90 

30 50 

10.30 

69 59 

1.95 

1.30 

0.41 

0 21 




7 96 



♦ 0.02 * 





3 35 

1.95 

1.30 

0.43 

0.21 




11.31 

0.17 

-0.08 






-2 18 

1 78 

1.22 

0.43 

0 21 




9 13 

1.78 

1 22 

0.43 

0 21 

8 90 

30 50 

10 30 

78 72 

0 42 

0 10 

0 10 

0 02 




2 74 



0 01 

0.02 




2 13 



0 03 





0 03 




1.36 

1.12 

0.24 

0 18 




11 

67 





0 05 







1 36 

1.12 

0 10 

0-07 









0.03 

0.05 









0.11 

0 01 




0 

19 

0 01 



0 04 


8 90 

30 50 

10 30 

50 89 




0 02 





0 02 




0 03 





0 16 





0 01 




0 01 

0.01 

1.78 

1.22 

0 43 

071 

8.90 

30.50 

10.30 

78 72 


Quontity less thon 5x10* kcal not shown. 

H Values not possible to isolate and included in these figures. 
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TABLE 6-16 



PRODUCTION AND USES OF ENERGY SOURCES - 
10“ KILOCALORIES 

MADRAS 

- 1960/1 

Coking 

Coa! 

Non- 

Coking 

Coal 

Mttol* 

lurgical 

Cokt 

Non* 

Mttol* 

lurgicol 

Cokt 

Crudt 

Oil 

Total 

OH 

Products 

Motor 

Spirit 

Aviation 

and 

Jet Fuel 

i 

2 

3 

4 

5 

6 

7 

8 


PRODUCTION 

AND 

CONSUMPTION 


HSDO 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRADE ... . (0 46 (-10.52 

BUNKERS. -006 

STOCK CHANGES. 

TOTAL CONSUMPTION. 0.46 10 46 

QUANTITIES TRANSFORMED. -2 09 

INTERNAL FINAL CONSUMPTION . 0.46 8 37 


B. SECONDARY SOURCES OF ENERGY 
PRODUCTION. 


NET BALANCE OF EXTERNAL TRADE . 

BUNKERS . .-. 

STOCK CHANGES. 


+ 0.12 

+ 0.05 

+ 5.78 
-0.70 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 


0.12 

0.05 

5.08 

-0.10 

INTERNAL FINAL CONSUMPTION. 


0.12 

0.05 

4.98 

TOTAL INTERNAL FINAL CONSUMPTION . . . 

0.46 8.37 

0.12 

0.05 

4.98 


BREAKDOWN 

O F 

INTERNAL 

F 1 N A 


A CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 

ot which Coal Mines 8. Washeries . 

Electric Power Plants. 

Coke Ovens . 

Oil Refineries 8. Field Operation 
Losses . 


0.62 0.07 1.59 

CONSUMPTION 


B CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION. 

of which Road & Tramways. 

Railroads . 

Waterways. 

Air. 

INDUSTRY. 

of which Mining & Quarrying 

Fertiliser. 

Heavy Chemical. 

Structural Cloy Products • 

Cement. 

Iron and Steel. 

Non-ferrous. 

Textiles . 

Other . 

AGRICULTURE . 

DOMESTIC. 

COMMERCIAL. 

GOVERNMENT . 

OTHER SECTORS. 


0.46 5.40 

0.46 5.40 

2.90 

0.07 

0.40 

2.10 

0.07 

0.26 

0.07 


0 12 


0.12 


0.05 


2.28 
2.09 
0 03 
0 09 
0.07 
0.94 


0.12 

1.64 


0 62 
0.62 


007 


1.47 

1.47 


0.07 


0.05 


0.07 


TOTAL INTERNAL FINAL CONSUMPTION 


0.46 8.37 0.12 0 05 


4.98 0.62 0.07 1.59 


(1) Energy content of falling water assuming an average efficiency of 85%. 

(2) Only quantitiesneeded for energy purposes. 
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Vapor- Manufactured Got Electricity Non-Comml. Fuels 

izlng 





Fuel 

Oil & 

Blast 

Coke 

Gat 


Non* 

Dung 

Fire¬ 

Waste 

Grand 

.DO 

Keroeene 

LPG 

Oil 

Ref. Fuel 

Furnace 

Oven 

Worfct 

Utility 

Utility 

(Dry) 

wood 

Products 

Toto 1 

10 

n 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


1 81* 

7 20 

33.40 

10 40 

52 81 





10.98 





-0 06 

1 81 

7 20 

33.40 

10.40 

63 73 

1.81 




■ 3.90 


7 20 

33 40 

10.40 

59 83 




1 88 0.03 7 20 33.40 10 40 66 89 
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TABLE 6-1? 

PRODUCTION AND USES OF ENERGY SOURCES - MAHARASHTRA - 1960/1 

10“ KILOCALORIES 


PRIMARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS . 

STOCK CHANGES . 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION 


Non* 

Non* Metol* Metal- 

Coking lurgicol lurgicoi 
Cool Coke Coke 


12 3 4 

PRODUCTION AND 


Total Aviation 

Oil Motor and 

Products (3) Spirit Jet Pu#l 


5 6 7 

CONSUMPTION 


U SECONDARY SOURCES OF ENERGY 

PRODUCTION . 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 

STOCK CHANGES. 

TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION . . 

TOTAL INTERNAL FINAL CONSUMPTION 


BREAKDOWN 


CONSUMPTION BY THE ENERGY 
SECTOR AND LOSSES . . . 

ol which Coal Mines & Washenes . . 

Electric Power Plants . 

Coke Ovens. 

Oil Refineries & Field Operation 
Losses . 


B CONSUMPTION BY OTHER SECTORS 
TRANSPORTATION ... 

of which Road & Tromways .... 
Railroads .... 

Waterways 
Air 

INDUSTRY . 

of which Mining & Quarrying 
Fertilizer .... 

Heavy Chemical ... 
Structural Clay Products 
Cement 
Iron ond Steel 

Non ferrous. 

Text i Ins 

Other .... 

AGRICULTURE . 

DOMESTIC 

COMMERCIAL 

GOVERNMENT ... 

OTHER SECTORS . . 


TOTAL INTERNAL FINAL CONSUMPTION 



0 35 

43 78 

* 0 30 

+ 0 40 

-21 20 



-1 30 



-0.60 

0.30 

0 75 

20 68 



-2 60 

0.30 

0 75 

18 08 

0 30 

0 75 

18 08 

TERN 

A L FINAL 

CON 


0 93 9 30 • 

0 93 9.30 


0 93 I 5 09 


!U Energy content ol falling water assuming on overage efficiency of 85%. 
(2) Inter -State sole. 

13) Only quantities needed for energy purposes 


CONSUMPTION 

2.72 


1 69 0 82 
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Vopor- Manufactured Ga« Electricity Non-Comml. Fuel» 

ixing 


LDO 

Kerosene 

LPG 

Fuel 

Oil 

Oil & 
Ref. Fuel 

Blast 

Furnace 

Coke 

Oven 

Gas 

Works 

Utility 

Non- 

Utility 

Dung 

(Pry) 

Fire- 

wood 

. Wo«te 
Product* 

Grand 

Total 

10 

n 

12 

13. 

14 

is 

16 

T7 

18 

19 

20 

21 

22 

23 


1.38* 

9.20 

49.50 

12.70 

77.91 

1.38 

9.20 

49.50 

12.70 

18 68 
-0 06 

-0.06 
96 47 

1.38 

9.20 

49.50 

12.70 

-9.05 
87 42 



21 4.14 0 06 5.74 2 72 0.13 2.79 0 14 9.20 49.50 12 70 109 61 

entity less than 5 x IQ 9 kcal not shown. 

luot not possible to isolate ond included in these figures. 
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TABLE 6.18 


PRODUCTION AND USES OF ENERGY SOURCES 
10 u KILOCALORIES 

- MYSORE - 

1960/1 


Coking 

Cowl 

Nan* 

Coking 

Coal 

Metal¬ 

lurgical 

Coke 

Non- 

Metal- 

lurgicol 

Cake 

Crude 

Oil 

Total 

Oil 

Products(2) 

Motor 

Spirit 

Aviation 

and 

Jet Fuel 

1 

2 

3 

4 

5 

6 

7 

8 


PRODUCTION AND CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRADE_ *0.27 +4.39 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 0.27 4.39 

QUANTITIES TRANSFORMED. -0.57 

INTERNAL FINAL CONSUMPTION . 0.27 3.82 


B. SECONDARY SOURCES OF ENERGY 
PRODUCTION. 


NET BALANCE OF EXTERNAL TRADE . . 

BUNKERS . 

STOCK CHANGES. 



+ 0.55 

+ 292 

TOTAL CONSUMPTION. 



0.55 

2 92 

QUANTITIES TRANSFORMED. 



-0.18 

-0.10 

INTERNAL FINAL CONSUMPTION. 



0.37 

2.82 

TOTAL INTERNAL FINAL CONSUMPTION. 

0.27 

3.82 

0.3*S, 

2.82 


BREAKDOWN OF INTERNAL FINAL CONSUMPTION 

A. CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 

o( which Cool Mines & Washeries. 

Electric Power Plants. 

Coke Ovens . 

Oil Refineries & Field Operation . . 

Losses . 


B. CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION. 0.27 

of which Rood & Tramways. 

Railroads . 0.27 

Waterways. 

Air. 

INDUSTRY. 


of which Mining & Quarrying . . . 

Fertiliser. 

Heavy Chemical . 

Structural Clay Products 

Cement. 

Iron and Steel. 

Non-ferrous. 

Textiles . 

Other . 

AGRICULTURE. 

DOMESTIC. 

COMMERCIAL. 

GOVERNMENT . 

OTHER SECTORS. 


2.70 


1.30 

0.39 

0.05 



1.24 

0.39 


2.70 


0.01 





0.05 


0.05 

1.12 

0.37 

0.33 

1 




♦ 


1.06 

0.37 

0.06 

0.19 

1.00 


t 

0.97 


0.86 

0.85 

0.01 

0.03 

1 


0.08 


TOTAL INTERNAL FINAL CONSUMPTION. 0.27 3.82 0.37 


2.82 0.39 0.05 0.97 


(1) Energy content of falling water assuming an average efficiency of 85%. 

(2) Only quantities needed for energy purposes 
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LDO Kerosene IPG 


Vopor- Monufactured Gas 

iling 

Fuel Oil & Blast Coke Gos 
Oil Ref. Fuel Furnace Oven Works 


Electricity 

Non- 

Utility Utility 


Non-Comml. Fuels 

Dung Fire- Waste Grand 

(Dry) wood Products Total 


10 


12 


13 


14 


15 


16 


17 


IB 


19 


20 21 


22 


23 


025 


t 

1.00 


0.15 


t 

0.01 


i or 


6.00 

32.50 

8.00 

47 51 






4 66 

1.01 


6.00 

32.50 

8 00 

52.17 

-1.01 





-1.58 



6.00 

32.50 

8 00 

50 59 

0.88 

0.09 




0.97 

+ 0.04 





3.51 

0.92 

0.09 




4.48 






-0.28 

0 92 

0.09 




4 20 

0.92 

0.09 

6.00 

32.50 

8.00 

54.79 

0.15 





0.15 

0.01 





0 01 

0 14 





0,14 


0.14 


0.01 

A 


0.15 

i 


0.11 


O'. 99 


0.01 


0.25 


00 0 1 5 0.01 

Quantity less thon 5x10* kcal not shown. 


4.27 

1.24 

2.97 

0.01 

0.05 


0.59 

0.09 




2.50 

0.10 







0.02 







0.01 

0.05 






0.24 







0.04 

0.02 






0.18 

0.02 






0.02 





021 

0.07 


6.00 

32.50 

8 00 

47.57 

0.02 





0.02 

0.07 





0.07 

0.92 

0.09 

6.00 

32.50 

8 00 

54 79 



Values not possible to isolate and included In these figures. 
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TABLE 619 

PRODUCTION AND USES OF ENERGY SOURCES - ORISSA - 1960/1 
10" KILOCALORIES 

Non* 

Non- Metol- Metol*. Totol Aviation 

Coking Coking lurgicol lurgicol Crude CM Motor ond 

Coal Coal Coke Coke Oil Products(3) Spirit Jet Fuel 


1 2 3 4 5 6 7 8 

PRODUCTION AND CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 5 79 

NET BALANCE OF EXTERNAL TRADE . .. * 5 80 -1.61 

BUNKERS . 

STOCK CHANGES . . -0 32 

TOTAL CONSUMPTION. 5 80 3 86 

QUANTITIES TRANSFORMED. -5 73 -0 57 

INTERNAL FINAL CONSUMPTION . 0.07 3 29 


B SECONDARY SOURCES OF ENERGY 


PRODUCTION 


3.48 



NET BALANCE OF EXTERNAL TRADE 


-0 43 

+ 0.05 

+ 0 84 

BUNKERS 





STOCK CHANGES , 





TOTAL CONSUMPTION . 


3.05 

0 05 

0 84 

QUANTITIES TRANSFORMED 


-110 



INTERNAL FINAL CONSUMPTION 


rpSjH.95 

0 05 

0.84 

TOTAL INTERNAL FINAL CONSUMPTION 

0 07 ,3%-L 

1 95 

0.05 

0 84 


BREAKDOWN 

O F 

INTERNAL 

FINAL 


A CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 0 26 

of which Coal Mines 8. Washeries • • . 0 26 

Electrc Power Plants 
Coke Ovens 

O'l Refineries & Field Operation 
Losses . • 


0 18 

CON SUM 


B CONSUMPTION BY OTHER SECTORS 

TRANSPORTATION . _. 0 07 

of which Road& Tramways 

Railroads . 0.07 

Waterways ... 

A.r . 

INDUSTRY. 

of which Mining & Quarrying ... 

Fertilizes 

Heavy Chemical . 

Structural Clay Products. 

Cement . 

Iron and Steel . . . 

Non ferrous. 

Textiles . 

Other . 

AGRICULTURE 
DOMESTIC ... 

COMMERCIAL 

GOVERNMENT 

OTHER SECTORS . 


I 98 0.32 0 18 


1.05 195 0.07 

0.07 I ■ 

0.33 

0.53 

1 95 

0 06 
0.06 

0.05 

0.05 0 40 


TOTAL INTERNAL FINAL CONSUMPTION . . 0 07 3 29 1 95 0.05 


0.84 0.18 


(1) Energy content of foiling water assuming an efficiency of 85% 

(2) 0 04 is puTchasefrom non-utilitiesond 0 03 is Inter State soles 

(3) Only quantities needed for energy purposes 


HSDO 


9 


0 19 

T I o h 


0.14 

o.u 


0.02 


0.03 


0.19 


42ft 

























LOO Ketosene LPC 


10 It 12 


3 04 0 40 



Vopor* 

Manufactured Go* 


E lectncity 

Non-Comm!. Fuels 


Fuel 

12109 

0.1 & 

Blair 

Coke 

Got 


Non* 

Dung 

Fut* Waste 

Grand 

Oil 

Ref. Fuel 

Furnoc# 

Oven 

#orkt 

Utility 

Utility 

(Dry) 

wood Products 

Toto 1 

13 

14 

15 

16 

17 

18 

19 

20 

21 22 

23 





0 49* 


1 90 

36 70 

6 60 

51 48 









*4 19 









-0 32 




0.49 


1 90 

36 70 

6 60 

55 35 




-0 49 





-6.79 






P.90 

36 70 

6 60 

48 56 



1 30 

1.07 

0 42 

0 26 




6 53 





( < 0 04 4 , 

(*0 03 , 

-0 04 




0 49 



1 30 

1 07 

0 49 

0 22 




7 02 

J 


-0 45 

-0 29 






-1.84 

\ 


0 85 

0 78 

0 49 

0 22 




5 18 

0 03 

0 85 

0.78 

0.49 

022 

1 90 

36 70 

6 60 

53 74 


0 54 

0 13 

0 06 

0 99 




0 26 

0 14 



0 14 

0 40 

0.13 

0 06 

0 59 


2.37 
0 32 
2 05 


02 


0 03 


0.31 0 65 


0 41 0 22 


4 66 





0.03 



0 31 

0 65 

0 10 

0 15 




0 19 

001 




0 09 

006 


02 0 05 

0 40 0 02 1 90 36 70 6 60 45 67 


04 0 40 


0 03 


0.85 0 78 


0 49 0 22 1.90 36 70 6 60 53 74 


Quonnty less thor>5 * 10* kcol not shown 


Values not possible to isolate on4 included inthese (igutes 
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TABLE 6-20 

PRODUCTION ANO USES Of ENERGY SOURCES - PUNJAB * - 1960/1 
10 u KILOCALORIES 




Non- 





Non- 

Metal¬ 

Metal¬ 

Totol 


A viotion 


Coking 

lurgical 

lurgical 

Crude Oil 

Motor 

ond 


Coal 

Coke 

Coke 

Oil Product* 1 2 3 4 

Spirit 

Jet Fuel 

HSDO 


I 2 3 

PRODUCTION 


4 5 6 7 

AND CONSUMPTION 


9 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRAOE .. +0.53 * 14 30 

BUNKERS . . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 0 53 14 30 

QUANTITIES TRANSFORMED. -2.82 

INTERNAL FINAL CONSUMPTION . 0 53 11.48 


8 SECONDARY SOURCES OF ENERGY 
PRODUCTION 

NET BALANCE OF EXTERNAL TRADE 
BUNKERS 
STOCK CHANGES 
TOTAL CONSUMPTION 
QUANTITIES TRANSFORMED 
INTERNAL FINAL CONSUMPTION 

TOTAL INTERNAL FINAL CONSUMPTION 

B R 


A CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 

of which Cool Minos & Woshonos 
Eloctnc Power Plonts 
Coho Ovons 

Oil Refineries & Field Operolion 
Lassos. 


+061 

0 61 
0 61 

0 53 H 48 06) 

EAKDOWN OP I 


+ 1 55 

+ 4 17 

I 55 

4 17 


-0 10 

1 55 

4 07 

1.55 

4 07 

T E R N A L 

PINA! 


B CONSUMPTION BY OTHER SECTORS 
TRANSPORTATION 
of which Rood 4 Tromwoys 

Railroods . 

Woterwgys. 

Air ... .. 

INDUSTRY 

of which Mining & Quarrying 

Fertiliser. 

Hoovy Chomicol . 

Structural Cloy Products 

Cement. 

Iron ond Stool. 

Non-ferrous 

Textiles . 

Other . 

AGRICULTURE 
DOMESTIC 
COMMERCIAL 
GOVERNMENT 
OTHER SECTORS 

TOTAL INTERNAL FINAL CONSUMPTION 


0 53 4.90 

0 53 4.90 


5 00 0 61 

0.26 

I 38 
0.99 

0 61 

0.40 
1.97 
0 S3 

1 55 
1 05 


0 53 11 48 0.61 1 55 


2 14 
1.69 
0 03 

0.42 

0.49 


0.27 

1.17 


4 07 


0 77 0 42 1 23 

CONSUMPTION 


0.77 0 42 0 95 

0 77 0 92 

0 03 


0 42 


0.13 


0.15 


0.77 0.42 1 23 


(1) Energy content ol foiling wotor ossuming on efficiency of 85% 

(2) Includes Delhi & Hittxjchol Prodesh 

(3) 0 03 is Inter Stole sole 

(4) Only quantities needed for energy purposes. 


I 
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Manufactured Go» 


Elactriclty 


Non-Comml. Fuelt 


Vapor 

izlng 





Fuel 

Oil & 

Blast 

LOO 

Kerotene 

LPG 

Oil 

Ref. Fuel 

Furnace 

10 

11 

12 

13 

14 

15 



0.34 1.13 0.03 0.12 0.03 


0.22 0.02 0.12 


Cake 

Oven 

Gas 

Works 

Utility 

Non- 

Utility 

Dung 

(Dry) 

Fire¬ 

wood 

Waste 

Products 

Grand 

Total 

16 

17 

ie 

19 

20 

21 

22 

23 


0.98* 


12.50 

25.30 

7.00 

45.78 






14.83 

0.9o 


12.50 

25.30 

7.00 

60.61 

-0.98 





•3.80 



1250 

25.30 

7.00 

56 81 

1.10 

0.15 




1.25 

-0.03* 





6.30 

1.07 

0.15 




7.55 






-0.10 

1.07 

0.15 




7.45 

1.07 

0.15 

12.50 

25.30 

7.00 

64.26 


0.25 


0.25 

0.02 


0.02 

0.23 


0.23 

0.02 


7.59 



1.69 

0.02 


5.48 



0.42 

0.41 

0.15 

6.66 



0.34 1.13 0.03 0.12 0.03 


Quontity left than 5 x 10* heal it not sharrn. 



Valuat not pottible to itolata and included in theta figuret. 


1.07 0.15 12.50 25.30 7.00 64.26 
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TABLE 6-21 

PRODUCTION AND USES OF ENERGY SOURCES - RAJASTHAN - 1960/1 
10 u KILOCALORIES 


Coking 

Cool 

Non* 
Cokin p 
Cool 

Metal¬ 

lurgical 

Coke 

Noo- 

Metal- 

lurgicol 

Coke 

Totol 

Crvd^ Oil Motor 

Oil Product* (?) Spirit 

Aviotion 

and 

Jet Fuel 

1 

2 

3 

4 

5 6 7 

8 


PRODUCTION AND CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION.. • 034 

NET BALANCE OF EXTERNAL TRADE .... . + 0 53 +915 

BUNKERS. 

STOCK CHANGES. 

TOTAL CONSUMPTION. 0.53 9.49 

QUANTITIES TRANSFORMED. -1-36 

INTERNAL FINAL CONSUMPTION . 0.53 3 13 


B. SECONDARY SOURCES OF ENERGY 
PRODUCTION. 


NET BALANCE OF EXTERNAL TRADE 



+ 0.06 

+ 0.10 

+ 1.49 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION 



0.06 

010 

1.49 

QUANTITIES TRANSFORMED 

INTERNAL FINAL CONSUMPTION 



0 06 

0.10 

-0 10 

1 39 

TOTAL INTERNAL FINAL CONSUMPTION 

0.53 


006 

0.10 

1 39 


BREAKDOWN OF INTERNAL FINAL 

A. CONSUMPTfON BY THE ENERGY 

SECTOR AND LOSSES. 

of which Cool Mines 8. Wosheries . 

Electric Power Plants . 

Coke Ov»nj . 

Oil Refineries & Field Operation. 

Losses. . 

B CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION. 0.53 5 50 fjpf 061 

of which Rood 8. Tromways 9-59 

Railroads . 0 53 5 50 0 01 


Woterwoys. 

Air • 

INDUSTRY. 

of which Mining 8t Quarrying 

Fertiliser. 

Heavy Chemicot . . . 
Structural Cloy Products 

Cement. 

Iron ond Steel 

Non-ferrous. 

Tevtiles. 

Other . 

AGRICULTURE 

DOMESTIC. 

COMMERCIAL. 

GOVERNMENT 

OTHER SECTORS. 


0 01 

2 24 0.06 0.20 

0.13 i 

0.07 

1.58 

0 06 

0 26 
0 20 

013 0.11 

0.10 0 47 

0 26 


0 30 0 01 0 35 

CONSUMPTION 


0.30 0.01 0.30 

0 30 029 

001 


0.01 


0.05 


TOTAL INTERNAL F INAL CONSUMPTION. 0 53 8 13 


0.06 0.10 


1 39 0.30 0 01 0 35 


(1) 0.02 is Inter-State sole 

(2) Only quantities needed lor energy purposes. 
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LDO Kefos«ne LPG 
10 


Fuel 


11 


1 ? 


13 


018 0.48 


0.07 


0 08 


Vopof 

Monufocturcd Go* 

E lectrioty 

Non-Comml. 

Fuels 


t»*"9 

0,1 & 

Blest Coke Gos 


Non* 

Dong Fire* 

Woste 

Grond 

Ref. 

Fuel 

Furnoce Oven Works 

Utility 

Utility 

(Dry) wood 

Products 

Totol 

14 

15 16 17 

18 

19 

20 21 

22 

23 





5 50 24 50 

7 50 

37 84 







9 68 





5 50 24 50 

7 50 

47 52 







■ 1 36 





5 50 24 50 

7.50 

46 16 




0 09 

0 12 



0 21 




♦ 0 02’ 




1.67 




0 II 

0 12 



1 88 








-0.10 

1 



0 11 

0 12 



1 78 

0 02 


0 11 

0 12 

5.50 24 50 

7.50 

47 94 



0.02 




0 02 



0 02 




0 02 



0 01 

0 01 



6.66 







0 59 



0 01 

0.01 



6.06 







0 01 



0 03 

Oil 



2.64 


0 II 


0 43 


0.02 


0 18 


0 43 0 08 0 02 

Quontity lest then 5 x lO* not shossn 
^ | Vo loot not possible to isolate on8 included in these ligutes 


0 01 
0 02 

0 02 
0 01 
0 02 


Oil 


0 10 


0.01 


5 50 


24 50 7 50 


0 24 
38 09 
0 01 
0.28 


0 12 5 50 24 50 7.50 47.94 
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TABLE 6-22 

PRODUCTION AND USES OF ENERGY SOURCES - UTTAR PRADESH - 1960/1 

10 11 KILOCALORIES 




Non- 





Non- 

Metal¬ 

Meta 1- 


Total 

Aviation 


Coking 

lurgical 

lurgicol 

Crude 

Oil Motor 

Products ^ Spirit 

and 


Cool 

Coke 

Coke 

Oil 

Jet Fuel 

HSDO 


PRODUCTION AND CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 

NET BALANCE OF EXTERNAL TRADE ... . +1.45 +29.33 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. ' 45 29 33 

QUANTITIES TRANSFORMED. ' 538 

INTERNAL FINAL CONSUMPTION . I 45 23.95 


B SECONDARY SOURCES OF ENERGY 

PRODUCTION . 

NET BALANCE OF EXTERNAL TRADE- 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION. 

TOTAL INTERNAL FINAL CONSUMPTION. 


t 0.55 

+ 0.80 

+ 4.52 

0.55 

0.80 

4 52 



-0.10 

0.55 

0.80 

4.42 

0 55 

0.80 

4.42 

O F 

internal 

FINAL 


0.51 


0.40 


1.12 


A. CONSUMPTION BY THE ENERGY 

SECTOR AND LOSSES. 

of which Cool Mines & Wosherios. ■ 

Electric Power Plants. 

Coke Ovens . 

Oil RefineriesS, Field Operation . . 
Losses . 


B. CONSUMPTION BY OTHER SECTORS 



1.45 

16.40 





1.45 

16.40 









6.57 






0.59 






1.84 

Cement. 


0.46 


Iron and Steel 
Non-ferrous ■ 
Textiles 

Other . 

AGRICULTURE . 

DOMESTIC. 

COMMERCIAL . 

GOVERNMENT . 

OTHER SECTORS 


TOTAL INTERNAL FINA1 CONSUMPTION 


1.45 


1.12 

2.56 

0.46 


0.52 


23.95 


0.55 


0.55 


0.55 


0.80 


0.80 


1.83 

1.31 

0.11 

0.01 

0.40 

0.42 


0.34 

1.83 


4.42 


0.51 

0.51 


0.40 


0.40 


0.90 

0.80 

0.10 


0.10 


0.12 


0.51 


0.40 


1.12 


(1) Energy content of falling water assuming an m iciency of 85%. 

(2) Only quantities needed for energy purposes. 
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Vapor- Manufactured Gas Electricity Non-Comml. Fuels 

iiing 


LDO 

Kerosene 

LPG 

Fuel 

Oil 

Oil & 
Ref. Fuel 

Blast 

Furnace 

Coke 

Oven 

Gas 

Works 

Utility 

Non- 

Utility 

Duna 

(Dry) 

Fire¬ 

wood 

Waste 

Products 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 


0 45* 34.90 57.20 24.90 


0.45 

34.90 

57.20 

24.90 

0.45 

34.90 

57.20 

24.90 


1.07 

1.07 

'' ft ’° 7 

0 49 1.8.1 0.05 0.02 1 07 


0.24 

0.05 

0.19 


0.01 


0.01 

0.03 

0.01 


0.01 

0.03 

0.26 

0 02 

0.04 

0.40 


0.01 

0.13 
0 26 

0.22 017 
1 31 0.02 0.11 

0.06 

0.06 


0.49 1 83 0.0 5 0.02 1.07 

Quantity less than 5 x 10* not shown. 

Values not possible to isolate and included in these figures. 



0.14 

0.14 

0.14 

0.14 34.90 57.20 24.90 


0.02 

0.02 

0.12 

0.02 

0.03 

0.01 

0.06 

34.90 57.20 24.90 

0.14 34.9 0 5 7.2 0 24.90 


Grand 
T oto I 


23 


117.45 

30.78 


148.23 

-5.83 

142.40 


1.21 
5 87 


7.08 

- 0.10 

6.98 

149 38 


0.24 

0.05 


0.19 


19.73 
1 31 
18.01 
0.01 
0.40 
8.06 


0.97 

119.74 

0.06 

0.58 


149.38 
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TABLE 6-23 

PRODUCTION AND USES OF ENERGY SOURCES - WEST BENGAL - 1960/1 

10” KILOCALORIES 


Non- 

Coking Coking 

Cool Coal 


Non- 

Metal- Metal¬ 

lurgical lurgical 
Coke Coke 


Total Aviation 

Crude Oil Motor and 

Oil Products ' ' Spirit Jet Fuel HSDO 


PRODUCTION AND CONSUMPTION 


A. PRIMARY SOURCES OF ENERGY 

PRODUCTION. 4.50 102.03 

NET BALANCE OF EXTERNAL TRADE_ +21,10 -63.60 

BUNKERS. -0,38 

STOCK CHANGES. -0.47 -2.20 

TOTAL CONSUMPTION. 25.13 35.85 

QUANTITIES TRANSFORMED. -18,30 -9.95 

INTERNAL FINAL CONSUMPTION . 6.83 25.90 


B. 


SECONDARY SOURCES OF ENERGY 

PRODUCTION . 

NET BALANCE OF EXTERNAL TRADE 

BUNKERS . 

STOCK CHANGES. 

TOTAL CONSUMPTION. 

QUANTITIES TRANSFORMED. 

INTERNAL FINAL CONSUMPTION .... 


10.68 

-0.30 

+ 0.12 
10.50 
-4.46 
6.04 


0.90 
+ 4.15 

5.05 

5.05 


+ 7.17 
-0.70 

6.47 

- 0.10 

6.37 


TOTAL INTERNAL FINAL CONSUMPTION. 6.83 25.90 6.04 5.05 6.37 1.20 0.59 1.06 

BREAKDOWN OF INTERNAL FINAL CONSUMPTION 


CONSUMPTION BY THE ENERGY 
SECTOR AND LOSSES. 

of which Coal Mines & Washeries . 

Electric Power Plants. 

Coke Ovens .. 

Oil Refineries & Field Operation . . 
Losses . 


0.20 

0.20 


5.27 

5.27 


B. CONSUMPTION BY OTHER SECTORS 


TRANSPORTATION. 

1.63 

11.44 

of which Road & Tramways. 

Railroads . 

1.63 

9,86 

Waterways. 


1.58 

Air. 

INDUSTRY. 

5.00 

7.75 

of which Mining & Quarrying. 

Fertilizer. 


0.13 

Heavy Chemical. 

Structural Clay Products. 


0.92 


Cement. 

Iron and Steel 
Non-ferrous . 
Textiles . . ■ 

Other . 

AGRICULTURE . 

DOMESTIC. 

COMMERCIAL. 

GOVERNMENT . 

OTHER SECTORS .... 


5.00 


0.40 

6.30 


0.46 

0,98 


6.04 


6.04 


5.05 


2.50 

1.20 

0.59 

0.68 

1.86 

1.20 


0-66 

0.01 




0.04 



0.02 

0.59 


0.59 


1.50 



0.27 

1 



1 


0.22 

2.15 


0.11 


TOTAL INTERNAL FINAL CONSUMPTION . 


6.83 


25.90 


604 


5.05 


6.37 


1.20 


0.59 


1.06 


(1) Energy content of falling water assuming an efficiency of 85%. 

(2) 0.41 is Inter-State sale. 

(3) Only quantities needed for energy purposes. 
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Vopor- Monufcictured Gos Electricity Non-Comml. Fuel?; 

iztng 


LDO 

Kerosene 

LPG 

Fuel 

Oil 

Oil & 
Ref. Fuel 

Blast 

Furnace 

Cake 

Oven 

Gas 

Works 

Utility 

Non- 

Utility 

Dung 

(Dry) 

Fire- 

wood 

W ostt 
Products 

10 

ii 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 









0.16 1 


7.20 

37 30 

10.40 









0.16 


7.20 

37.50 

10.40 









-0 16 


7.20 

37.50 

10.40 


t f 

ov/ :.s 


t 

1 .08 


0.01 


0.02 



0.01 

0.01 


0 01 

0 15 

0 02 

1 06 


♦ 


0.11 

2 13 


0.27 2 15 1.08 


r 

0.02 


0.02 


0.02 


4.45 

4.12 

1 99 

0.53 



+ 0.41 1 


4.45 

4.12 

2.40 

0.53 

•1.26 

-0 38 



3.19 

3.74 

2.40 

0.53 

3.19 

3.74 

2.40 

0.53 


1.34 

0.71 

0.31 



0.10 

0.33 

009 

0.11 

1.01 

0.62 

0.10 


0.14 

0 02 

004 


0.10 

0.02 


1.85 

2.90 

1 44 

0.37 



0.09 

0.02 


1.85 

2.90 

0.10 

0.17 



0.02 

0.06 



0.51 

0.04 



0.72 

0.08 


0.13 

0.31 




0.10 




0.10 

0.14 

3.19 

3.74 

2,40 

0.53 


7.20 


7.20 


7.20 


37.50 10.40 


37.50 10.40 


37.50 10.40 


Quantity less than 5 x 10* kcal not ihown. 



Valuei not poiilble to Isolate and included in these figures. 


Grand 
T ota i 


23 


16 ! 79 
-42.50 
-0 38 
-2 67 
116.24 
-28.41 
87.83 


22.47 
11.43 
-0.70 
*0 12 
33.52 
* 6,20 
27 32 

115.15 


7.83 
5 57 
0.11 
0.42 

1 73 


15.73 
1 90 
11.62 
1.62 
0.59 
26.85 


0 22 
62.74 
0.56 
1.08 
0.14 

115.15 
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TABLE 6-24 


ENERGY CONSUMPTION IN INDIA BY PRIMARY SOURCE (I) 
1853/4- 1960/1 
12 

10 kilocalorie* 


Year 

Coa 1 

Oi 1 
(3) 

Hydro 
Pome r 

(2) 

Total 

Commercial 

Sources 

Dung 

Non-Commercial Fuels 
Firewood taste Products 

Total 

Grand 

Total 

1953/4 

217.8 

34.6 

2.9 

255.5 

111.2 

406.0 

124.0 

641.2 

698.7 

1954/5 

217.7 

39.2 

3.3 

260.2 

114.2 

412.0 

127.0 

853.2 

913.4 

1855/6 

224.2 

43.6 

3.8 

271.6 

117.3 

417.0 

130.0 

864.3 

935.6 

195B/7 

238.0 

47 .6 

4.3 

268.9 

120.2 

423.0 

133.5 

678.7 

866.8 

1857/8 

265.4 

52.2 

5.1 

322.7 

123.5 

429.9 

137.0 

690.4 

1013.1 

1956/9 

278.3 

55.7 

5.9 

340.9 

128.7 

436.0 

141.0 

703.7 

1044.6 

1958/BO 

280.6 

61.3 

7.1 

349.0 

128.0 

452.0 

142.0 

722.0 

1071.0 

1660/1 

320.4 

67.4 

7.8 

385.6 

128.B 

470.0 

144.0 

743.8 

1139.4 


(1) Total internal consumption excluding international ocean going vessel* (bunkers), taking account of the 
balance of foreign trade and stock changes in primary and secondary forms of energy and excluding non- 
energy petroleum products. 


(2) Energy content of the falling eater assuming an average efficiency of 85%. 

(3) Includes power alcohol (a substitute fuel derived from molasses) equivalent to 0.3, 0.3, 0.2, & 0.2 

12 

10 keel in 18 5 7 /58. 1958 / 59. 195 9 /80 4 1860/01 respectively. 


TA8LE 6-25 

CONTRIBUTION OF THE VARIOUS FORMS OF PRIMARY ENERGY TO THE TOTAL CONSUMPTION OF PRIMARY ENERGY IN INDIA 

PERCENTAGES 

Other Forms 


Yea r 

Coa 1 

Oi 1 

Hydro 

(Non-ComoerciaI Sources) 

Total 

1853/4 

24.3 

3.9 

0.3 

71.5 

100 

1954/5 

23.8 

4.3 

0.4 

71.5 

100 

1055/8 

24.0 

4.7 

0.4 

71.0 

100 

1958/7 

24.6 

4.9 

0.4 

70.0. 

100 

1857/8 

26.2 

5.2 

0.5 

88.1 

100 

1658/9 

28.7 

5.3 

0.6 

67.4 

100 

1958/80 

26.2 

5.7 

0.7 

87.4 

100 

1080/1 

26.1 

5.9 

0.7 

65.3 

100 
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TABLE 8-28 


PERCENTAGE OF FINAL CONSUMPTION OF THE VARIOUS FORMS OF PRIMARY AND SECONDARY ENERGY TO THE TOTAL 

FINAL CONSUMPTION IN INDIA 1 > 

1953/4 - 1960/1 


Yea r 

Coking 
Coa 1 

Non-Cok i ng 
Coa 1 

Metal lurgica1 
Coke 

Non- 

Metal lurgical 
Coke 

Oi 1 

Products 

Manufactured 

Gas 

E1 ect r1city 

Non- 

Commercia 1 
Sources 

Total 

1953/4 

5.7 

11 .1 

1.1 

0. 8 

4.0 

0.6 

0.7 

76.0 

100 

1954/5 

5.2 

10.8 

1.1 

0. 9 

4.2 

0.7 

0. 8 

76.2 

100 

1955/6 

4.8 

11.0 

1.2 

1 .0 

4.5 

0.6 

0.9 

76,0 

100 

1956/7 

5.2 

11.2 

1.2 

1.1 

4.8 

0.6 

1 .0 

75.0 

1 00 

1957/8 

5.2 

13.0 

1.1 

1.0 

4.9 

0.6 

1 .0 

73.1 

100 

1958/9 

4.3 

13.5 

1.5 

1.1 

5.1 

0.7 

1.1 

72.6 

100 

1959/60 

3.0 

13.5 

1.8 

1 . 0 

5.5 

0.9 

1.3 

73.0 

1 00 

1960/1 

2.2 

15.3 

1.9 

0.9 

5,8 

1.3 

1.4 

71.3 

100 


1) See notes to Table 6-27 



